
DISTRIBUTION OF ELECTRICITY 
BY OVERHEAD LIKES. 



Charles Griffin & Co., Ltd., Publishers. 

NOTE— Prices are net, postage extra 
111 Medium 8 VO Cloth Ppivii + 622 Veiy Fully Illustiated. 36s, 

OVERHEAD ELECTRICAL POWER 
TRANSMISSION. 

By WM T TAYLOK, M Inst.C E , M I E E 
] “ A conipteliensive treatise on the design, erection, and operation of oveihead lines, wiitten 

in a teise, clear stj le "—Mecti ical Review 

I — 

j Second Edition Revised and Enlaiged In Large 8vo Cloth 

; Pp i-xvi + 427 25s. 

I ELECTRICAL PHOTOMETRY AND 

I ILLUMINATION. 

j A Treatise on Light and its Distiibution, Photometiic Appaiatiis, and 

I Illumiiuting Engineeiiiig 

By HERMANN BOHLE, Piofessoi of Electiotechnics, Cape Town 

In Crown 8 VO. Cloth Pp i \iii + 189 With 58 Illustrations 7s. 6d. 

ELECTRICITY METER PRACTICE. 

All Elementaiy Handbook 

By H. 0 SOLOMON, M I E E , A C G I 
“ AVell woith peiusal by everyone iiiteiested m electiicity meters "-‘Eleetncal Rcmew 

In Medium 8 VO Cloth Pp i-xx + 313 With Frontispiece and 337 Ilhistiations, 
including 43 Folding Plates Also 23 Tables 30s. 

ELECTRIC CRANE CONSTRUCTION. 

By OLCUDE W HILL, A M Inst 0 E , M I E E , M I M E 
“The whole work is stralghtforwai d, and may be lecommeiuled as being wiitten from a 
thoroughly engineering point of view A’lectrtcoi Engmeermg 

In Medium 8 VO Cloth Pp i xiii + 619, with Fiontispiece and 
221 Illustiations 32s. 

MATERIALS AND THEIR APPLICATION TO 
ENGINEERING DESIGN. 

Being a Piactical Tieatise for Engmeeis, Designeis, and otheis, 
piepaied fiom the standpoint of Works Piactioe 
ByProfessoiE A ALLCUr, M Sc , and E MILLER, Hons Medallist, 

C and G Loud Inst 

‘'Should be a welcome addition to the lefeience libraiy of any piactical engineer or student 
The m.ignitude of its scope can hardlj be grasped at a single reading Indmtry 

Stiongly Bound in Buckiam, Gilt Top, I.ibiary Style Pp i-xx h 673 Beautifully 
Illustiated With Fioiitispiece and 13 Collotype Plates and Portiait of Authoi 42s. 

BIBLIOGRAPHICAL HISTORY 
OF ELECTRICITY AND MAGNETISM. 

By PAUL FLEUKY MOTTELAY, Ph D With Intioduotion by Piof S P. 

THOMPSON wid Foreword by Su B T GLAZEBROOK 
“ This volume deserves a place in every scientific library "—Nature 

Twenty second Edition Re-wntten In Pocket Size. 765 Pages 18s. 

A POCKET-BOOK OF 
ELECTRICAL RULES AND TABLES. 

For the use of Electiicians and Engmeeis 

By JOHN MUNRO, 0 E , and Prof JAMIESON, M Inst 0 E 
Edited by W. R. COOPER and ROLLO APPLEYARD. 

“Should be in the possession of all electricians "—Electricity 

CHARLES GRIFFIN & CO., LTD., 42 DRURY LANE, LONDON, W.C. 2. 












THE AUTHOE.. 



DISTRIBUTION OF ELECTRICITY 
BT OYERHEAD LINES. 


BY 

WILLIAM T TAYLOR, 

AT Inst 0 E , M 1 E E , Tollow Amer I E E , dc 


Wlitb ffcontisptece aii6 57 other Sllustratfone. 



LONDOIf 

CHARLES GRIFFIN AND COMPANY, LIMITED, 

42 DKURY LANE, W 0 2. 

1928. 


\All Rights Res&t'ved 1 



Printed in Great Britain by 
Neill & Co., Lro., Edinbuegh. 



PREFACE. 


Having spent a lifetime in the erection, maintenance, and 
supervision of some of the largest electrical power and lighting 
undertakings in the world, the author ventured to think that his 
experience might be of value to this country at the present juncture. 
The reception of his work Overhead Electrical Power Traiismission- 
Engineering, issued last year, has more than justified this belief. 
As a corollary, Distributio7i of Electricity by Overhead Lines is now 
offered to those who stand in need of what is essentially the latest, 
best, and broadest of practical experience. Practice, in this 
country, has hitherto been on a comparatively small scale, and in 
the present great endeavour to put the country at least on a par 
with other countries in respect of overhead electrical power and 
lighting development and practices, it is essential that full use be 
made of the successes (and failures) of others. Hence, this book 
is intended for engineers and others engaged in the planning, con- 
struction, and operation of overhead distribution lines; and in the 
text are outlined practical and essential methods for design, con- 
struction, operation and protection. A novel line distribution 
system is proposed, the interpretation of which sets forth a dis- 
cussion of methods emphasizing many advantages of the eaiffhed 
neuti’al system and its inherent protection from over- voltages, 
etc. 

To dwell almost exclusively on a knowledge of engineering 
mathematics will not lead the student very far. Certainly the best 
preparation is the acquisition of necessary fundamentals, but 
this, withopt practice, is almost useless and obviously cannot pro- 
duce a fully qualified engineer. Hence, there is no need to stress 
the importance of a knowledge of general overhead distribution 
practice as covered herein. 

Some loadings are based on the new 1928 standards, but the book 
is written for universal practice and use ; it also contains many 
tables based on American standards. The practice presented is 
for all countries ; that is to say, the text is not based on any par- 
ticular set of safety construction standards for this or any other 
country. The text lays down sound practices based on common- 
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methods, rehable m punoiple, and backed by long and vaiiod 
expenence The practices mentioned should be as widely used 
in USA, in Australia, Canada, New Zealand, etc as iii this 
country, or more so 

The most siutable primary voltage, systeni, and lin<‘, as well 
as the most smtable secondary system distil l)iition, depend on 
many diverse conditions Distiibution lines may follow ]nib]io 
highways or run across open fields or back-plots, be sins>k‘-circmt 
and of smgle-pole construction, or midti-cii'cnjt on stinetiiros or 
frames with ]omt use of cominnnication ciieiiits, tin* distribution 
may be smglo-phaso or polyphase*, or both, and, the network may 
be simple or complex Them aie two goneial conditions to bo 
met at the mitial stage one is the choice ol tin* best syst<.*m and 
hne, then its bmldmg and operation 'J'hc author h<is endeavourod 
to show which IS the best system and bne, and how to get the best 
out of them The second impoitant stop is to make the system 
and line the most efficient and profitable, the author has also 
shown the way to achieve this 

Throughout the whole book there is an entire absi*nce ol the 
descriptive matter found m manufactniers’ publications and cata- 
logues, also, the endeavour has lieen to keep clear ol assumptions 
and probabilities, so commonly used It is obvious that, to com- 
plete the economic charaotensticB, certain assumptions must bo 
made, for instance, one of the many uncertain distribution prob- 
lems IS the mclusion of growth ot load in both time-period and 
amount For a secondary network in particular, duo to the 
variable and imcertam nature of many of tho factors tiuit enter 
mto the oaloolatiou of all the economic cbaraotenstics, it is not 
possible to reduce economical design to terms of absoluto coneei 
values, and m applymg values for the diilerent assumptions to 
be made, the best that can be done is to apply sound gorieral 
pnnoiples and good judgment based on practical oxpcnonco 

By the courtesy of Messrs W T Henley’s Telegraph Works 
do , Ltd , photographs appear representing overhead lino practice 
of this country For such kmdly holp the author expresses thanks. 
He hopes also that this endeavour to present the latest results of 
aotnal experience m eleotncity distribution practice may prove 
of real service to all those engaged m the planning, design, oon- 
stmotion, and operation of overhead distribution systems m this 
and other oountnes 

Lokdoh, 

Aprtl 1928 


WILLIAM T TAYLOR. 
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DISTRIBUTION OF ELECTRICITY 
BY OVERHEAD LINES. 

CHAPTER I. 

DISTRIBUTION SYSTEMS AND DEVELOPMENT. 

Early practical history of a.c. and d.c., more particularly the former, 
provides interesting reading for every electrical engineer, and the knovr- 
ledge of methods and systems now available in highly reliable economic 
and efficient form are of still greater interest and importance. The 
ultimate system of distribution, which the author has had in mind while 
writing the text-matter, is the three-phase 4-wire system ; this system 
is more economical where the loads are denser, feeder loads heavier, and 
distances to outlying districts are greater, all of which meet more correctly 
the needs of modern requirements. 

As we get further away from congested areas so we are forced to elim- 
inate underground service for overhead construction, and incidentally, we 
reach a stage where, generally speaking, service from direct current is not 
so satisfactory. At the present time in this country’s electrical history 
we are at a stage where direct-current service is limited to its present 
extent and/or to be supplanted by alternating-current (a.c.) service, since 
(for several very important reasons) the latter is more easily adaptable to 
increases in load and expansion, transmission distance, and so forth. 

Taken as an approximate mean, the cost of overhead distribution 
should not be more than 20 to 30 per cent., and for much rural construc- 
tion service around 15 to 20 per cent, of that required for underground 
distribution construction. With existing safety construction standards 
this figure is very much higher for this country (nearly three times higher) 
than for most countries. In general, the cost per kVA of overhead dis- 
tribution line decreases as the voltage is increased ; the cost of trans- 
formers increases with an increase in voltage. Each case is different, 
and the cost will depend on distance, size of transformer installations, etc. 

For branch lines, single-phase taps for rural areas will, because of 
cheaper initial cost and the relatively small-sized power installations, be 
general. Multiple earthing of the neutral on the primary and the second- 
ary distribution is the best practice. Line-construction standards for this 
country are sure to be modified to permit development of rural areas as 
well as to permit better line-operating conditions. Means to this end and 
to reliable construction practice are set forth in the text-matter. 

The interaction of the waves of electricity sent off from both 
primary and secondary coils was disclosed in M. Earaday’s paper 
in the Philosophical Magazine in 1831; this was eight years 

1 
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after the pubheation of Ampere’s TMone des PJienomenes EUctro- 
dynaimque In 1834 Michael Faraday discovered the phenomena 
of self-induction, and Joseph Henry’s investigations on induc- 
tion m general covered the period of 1832-40 The final mathe- 
matical formulation of the law of mutual induction is due to 
F Neumann (1846) 

Gaulard and Gibbs gave the first practical scheme for alternating 
current distribution from high-pressure to low-pressure, but the 
first a.c, system was not installed until 1886, and a wide use was 
not made of the a e system until about 1888 

Commencing firom about 1893, practically all installations in 
the USA were planned and erected on an a c basis, one of the 
early claims bemg that it had a wider scope of usetulncss th.iii the 
d c system, since one could generate at a low safe voltage and, 
when desired, increase the voltage to almost any practical value 
with perfect safety, and reduce it to any voltage at the end where 
required In 1891 the first 10,000 volt tranaformeis were put into 
operation , this was in California 

So far back as 1893 both lamps and motors were run from the 
same circuit, and expenence proved that while a slight variation 
of pressure on the motors would not cause any particular trouble, 
the successful operation of lamps required a practically constant 
pressure. About this penod the three-phase 4-wiro system of 
distributicm came mto use, and supplied both lamps and motors 
from one circuit with an economy and success comparable to that 
of any system, and the transmtssion of power by the throe-phase 
3-wire system gave all that was desired for safety and simplicity 
Some of the earliest a c systems in operation up to 1894 wore 


Location. 

System Used 

Lmo Voltage Uflod 

Brescia 

Single-phase 

16,000 

Sacramento, Cahfornia 

Three-phase 

1 1,000 

Fresno, California 

Three-phase 

10,000 

Salt Lake City, Utali 

Three-phase 

10,000 

San Francisco, California 

Single-phase 

8,000 

Geneva, Switzerland 

Single-phase 

6,600 

Portland, Oregon 

Three-phase 

6,000 

Rome, Italy 

Single-phase 

6,000 

Lowell, Massachusetts 

Three-phase 

5,500 

Quebec, Canada 

Two-phase 

6,000 

Lauffen-Heilbroun 

Three-phase 

6,000 

Davos, Switzerland 

Single-phase 

3,660 

Telluride, Colorado 

Single-phase 

3,000 

Lauffen-Frankfort ^ 

Three-phase 

30,000 


» Expeninental , 12,000 volts for 1 10 H P delivered 
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The a c system has therefore given us, through the use of the 
transformer (see fig 1), the utmost facihty for using high pressure 
without fear of it entering the consumer’s premises, all this was 
well known and appreciated in those _ 
days The a c transformer and its 
systems have also lent themselves to 
accurate distribution by means of in- 
duction regulators located at the source 
of supply, these were then of crude 
design and construction, and were 
placed on the back of the switchboard 
panels in those earher days Up to 
about 1890 there existed some doubt 
as to whether sub-stations could be 
made perfectly self-regulating, and it 
was generally thought that ‘'we might 
look with favour on adopting sub- yiq 
stations in the immediate future” tion system from a high pressure 

So far back as 1886, inventors were ^ low pressure 
engaged in the production of a practical a c single-phase motor. 

For about ten years, commencing from around 1893, there 
existed a certain amount of controversy as to whether the two- 
phase system or the three-phase system of distribution was best 
From time to time opinions were voiced showing the advantages 



Fig 2 — Early two-phase and/or three-phase system practised before the 
“ Scott ” connection was patented 

of one polyphase system over the other polyphase system For 
more than a quarter of a century the installation of new two-phase 
systems practically ceased, although it was known at the time 
that the two-phase 6- wire system of distribution is more economical 
m copper, etc (see Table XIV.) In the USA and other countries 
a licenced electncity area was not allowed to be monopohsed, 
more than one undertaking could supply electrical energy in the 
same area In some cities one company operated a three-phase 
system of distribution, while another company operated a two- 





1 — Smgle-phase transforma- 
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phase system m the same city After a time one company al)sorbed 
the other They then sought for a system foi oporating l)oth 
polyphase systems over one circuit At that time tlie autlior was 
engaged m the operation of a three-phase 4-wire system oi dis- 
tribution for a city also supplied by a competing com])a.ny opt'rating 
a two-phase system of distribution, and, in oidor to get more 
customers, whether two-phase or three-phase, the autlioi was led 
to study and develop a method for operating existing two-pliase 
and three-phase motor installations on a united singJe 4-wiro 
circuit Afterwards, when both companies came iiiulm* one control 
(which they did in 1904), many savings ivcre elk^ek^d in tlie dis- 
manthng of transformers, existing circuits, and poU^ liiu‘S, m t*ict 
a general clean up and saving was made, due to opeiating two- 
phase and three-phase motors on one ciicuit Tliese early ex- 
periences (in every case with overhead lines) lu^lped to pave the 
way for a wider use of the three-phase 4-wire system of disti ibution, 
i e combined light and power circuit, and to show that it is more 
flexible and the most desirable system for extensive areas 

The peculiarity of a c electric systems, in which curnmts of ono 
number of phases are changed into euirents of anothei numboi 
of phases, lies in the method and means for ollecting tlic trans- 
formation Each portion of the system with its given numbei* 
of phases is precisely the same and operates in the same way <is 
if the system were of that number of phases throughout l^'or 
instance, if three-phase currents are generated and suiiplu^d to 
apparatus from which two-phase currents are obtained and utilised, 
the three-phase. portion of the system behaves like any thrco-])hasc 
system, and the two-phase portion behaves like a.ny two-phase 
system 

On 14th August 1888, Mr 0, B, Shallenberger olitaim^d a 
patent for a method of obtaining two-phase currents diflering in 
phase from a single-phase circuit On 7th July 1891, M von 
Dolivo-Dobrowolsky patented a system m which he claimed 
transformation from a polyphase current of ono number 
of phases to a polyphase current of another number of phases. 

It was in 1891 that Dobrowolsky presented a largo 
number of dispositions of apparatus by which polyphase currents 
of one number of phases are transformed into polyphase currents 
of another number of phases This early system of transformation 
and claim of Dobrowolsky’s covers many phase relations, including 
those commercially used at the present time, known as A'^nold, 
Scott, ShalUnherger, 8te%nmetz, Tesla, Taylor, etc 

Shallenberger disclosed one method in 1888, and the same year 
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(8th September 1888) he brought out another method clearly 
describing the application of resultant voltages, and he produced 
from two-phase currents a resultant phase, ^ e three-phase to 
two-phase or vice veisa 

It IS interesting to review the patent history of the Scott versus 
Steinmetz three-phase to two-phase system, shown in vector 
diagram (&) of fig 4 In the year 1894 a patent was granted to 
Mr Charles F Scott for the ‘"T’’ three-phase to two-phase trans- 
foimation — ^usmg two transformers Prior to this date (in 1892) 
Messrs Hutin & Le Blanc had obtained a patent on a similar 
method Not many years passed before Dr C P Steinmetz came 
along with claims on which Scott obtained his patent An inter- 
ference was instituted and priority was granted to each in turn 
(to Scott and to Steinmetz) The examiner of interferences after- 

(5) 


— Imagmaxy wmdiiigB for (u) *— — — 'Imagioary windings for (&) 

" ■■■ " Throe phase windings mmmmm Xwo-phase resultants 

Fig 3 — Showing similarity of Scott connection {a) and Scott veraits Steinmetz 
(a), and (6) the Arnold scheme 

wards granted priority to Scott On appeal, the Board of Exam- 
iners-in-chief awarded priority of the issue in interference to 
Hutin & Ijo Blanc, while on a further appeal th'e 'Commissioner 
of Patents reversed the decision of the Board of Exammers-in-ohief 
and awarded the priority to Stemmetz The other parties appealed 
to the Court By that time, the patent interests of the two large 
and well-known interested compames had been the subject of 
agreement and were then practically identical During this same 
year the Hutin & Le Blanc interests and patents were contracted for 
and controlled by one of the said compames, which need not be 
mentioned here The three had come under a smgle control and 
they immediately ceased to contest The appeals were withdrawn 
and a decision by the Court was thereby avoided A patent was 
then issued to Stemmetz after the Scott patent, on the Steinmetz 
claims, was twelve years old 

On 14th December 1893 Mr Nikola Tesla obtained a patent on 
a method — ^that is, the production of a two-phase system from an 
imtial smgle-phase current On 27th January 1891 a patent was 
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issued to Tesla on the same hnc of fnvontion, while on 3i d Docembor 
1889 another patent was issued to Tesla in which it was shown how 
currents of different phases can be obtained 

In fig 4 [a) IS showm the ordinary “T ” oi Hcott connection and 
two otheis as represented by Stemmetz in his ])atont case against 
Scott In reahty each system or method lias its paitxculai' dis- 
tinction, that IS 

(a) Consists of two single-phase transformers of oi|ual 
ratios, or one differing in ratio approximately 1 3 ])er cent f lom 
the other The mam transformei, whicli is til ways the one 
having the 100 per cent ratio, has a centie taji iirovided to 
which the extreme end of the other transformei is connected 



■ ■ " ■■ Tjraa&former ivindings 

phase voltage XClatlOXlb 

Fio 4 — Shoeing thiee different achemes for two-phaao to pluiHo tiaiiHfoiniation , 
(//) =known a& the iScott niotfiod, uaiiig two single- jihaao tiansfor in(»iH , (/>) St(*inMi< tz 
method, using two single-phase tianstoimcrf — in tins method we <»l>tain two tlistuict 
two-phase relations, (c)~{Steinmetz method, using iJneo single jiliase ti.inslonm'm 

iVoie — ^An extension of the broken linos of the iwo-phaso lelations roimcots Lo tJu‘ sides 
of a delta 

Applying three-iihase currents to the three remaining ends of 
these two transformers — ^that is, impressing three single-phase 
currents each differmg by 120 degrees — ^two-phase currents are 
obtained from the secondaries 

(6) This consists in using the same transformers and the 
same centre of connection , m fact, it is idcniacal with a, so far 
as it goes, but it extends beyond a A difference exists to such 
an extent as to make the method employed distinct from either 
a or c of fig 3 The distinctions are fourfold, namely, (1) 
provision for a special connection on the supploraontary trans- 
former in order to obtain the desired two-phase balanced 
relations, (2) the two-phase relations are resultants and are 
out of phase with those of a, (3) the two-phase resultant 
voltages are much less , and (4) the two-phase secondary is a 
three-wire 

(c) This method is distinct from a and h in that a different 
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transformer is required to handle correctly the two-phase 
resultants, and if three single-phase transformers are provided, 
they may be of the ordinary design, but a special tap is 
necessary for at least one transformer 

According to method a of fig 3, the transformer windings are 
connected in star, while those of h are delta connected, but the 
voltages of the corresponding phases for a and 6 are in phase with 
each other, h having a greater two-phase voltage than a 

Fig 3 {a) and (6) are to be classed as coming under the heading of 
two-phase to three-phase transformation with three transformers 
Fig 6 (&), patented by the author m 1907, shows another method 

a _ 

Transtonner windings {three phase) 

' Transformer windings ( three-phase) 

Xwo -phase resultants ( no w i ndlngs ) 




Fig 5 — Showing three different schemes for two-phase three-phase transformations 
(a)=Steinmetz two-transformer method, which is the Scott method complete as well 
as another set of two-phase resultants mdioated by thick black Imes , (6) = Taylor 
method, usmg one three-phase transformer or three single-phase transformers, 
(c)= Taylor method, usmg two single-phase transformers 


of transforming phases with three transformers. In this method 
the magnetic fluxes are not modified, hut they remain exactly the 
same as if each transformer were operating on a smgle-phase 
circTut, receivmg a single-phase current m the primary and giving 
out a single-phase current in the secondary A single polyphase 
umt or three single-phase transformers may be employed, the 
respective primaries and secondaries havmg common magnetic 
circmts 

The essence of the method employed here^s that it requires no 
modification of the action of the transformers used In the three- 
phase system of supply the e m fe of the primary coils differ by 
the same number of degrees, there being no modification of the 
phase relations of the two sets of e m fs when the three single-phase 
transformers, or the three-phase umt, are connected to give two- 
phase currents in two pairs of conductors jomed to approximate 
selected pomts of the secondary coils In other words, this method 
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can be based on the fact that the currents and e in Is dillering 
m phase relation are compounded in exactly the same way that 
mechamcal forces diffenng in direction are coin])oundod, there 
be ing m each case a resultant depending upon the magnitude and 
relation of the forces that are involved 

From the practical viewpoint, the above described methods ' 
of two-phase to three-phase (or vtce versa) are 

(1) “T,” or 8eoU, Method Using two oidinary single- 
phase or one ordinary and one special transioi’inoi connected 
in “T,” but in no otW way 


(a) (b) (b') 



Resultant volfcaffos 
'J’rttnsfoimor win»Jin{,'s 
Two-pJioso volUigo rclatioub 


Fig 5a — Showing two diffcicnt schemes foi symmoiiical thIee-^)lmH<^ o)/an<l twt)-phaH(‘ 
transformation ox direct suiiply, with common letinri (a) 'I’avlot 
former method using a connection such as to obtain foi the two phase oiu* it*«uitant 
fiom two phase-windings and one equivalent voltage td fioni anotliei pliaMi* wuidiug, 
with common neutral foi both systems, (6), (/>') -Taylot two-tiariHionnci nadliod, 
using two single-phase tiansformeis with tap o at nential point ho as to obta in l»alanc<‘d 
three-phase voltages, symmetrical for both systions and using a loniinon niMitial 
pomt for both systems 

Note — (a), (6), and (6') should be useful for the ihieo ]>hase 3- or 4-wiio and tlio two-phaso 
4- or 5- wire interconnected system, for (a) and (//) cd equals ab, and 01, 02, and 03 
are aU of equal voltage 

(2) or Steinmetz^ Method Using two ordinary single- 
phase transformers, or one ordinary and one special trans 
former, and 

(3) ‘‘Y,” or Steinmetz^ Method Using throe ordinary 
single-phase transformers, or one ordinary and two special 
transformers , never connected in delta 

^ Fig 4 (a) method was patented by Mr Charles F Scott in 1894 
Fig 5 (a) method, which is a combination of fig 4 (6) and (c), was patented by 
Dr Charles P Stemmetz m 1907, but the apphoation had been filed in the Patent 
Office for a number of years previous to this date 

Fig 6 (6) and (c) methods were patented by the author m 1907. The Piitsburgli 
Transformer Company, Pittsburgh, Pa , acquired the patents m 1907, this system 
is used m various parts of North America m cities where 2- and 3-phase systems 
operate See The Electm Jourml, vol 23, p 341, July 1926. Also seo BUctneal 
Worlds vol 62, p 690, 20th September 1913 
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(4) ‘Delta,” or Taylor, Method Using ordinary -th jee^ 
phase unit or three single-phase transformers ■??tth ‘ftiiilTfeji 
taps on each phase-wmding, and 

(6) “V,” or Method Usmg two of the single-phase 

transformers mentioned m (4), m case of a bum-out of a 
phase- winding 

(6) Taylor Method Using one polyphase or three ordmary 
smgle-phase transformers, or two smgle-phase and one special 
transformer {ad ) , never connected delta or the ordmary star 

(7) Taylor Method Usmg two ordmary smgle-phase trans- 
formers connected at d', and having tap as shown at o for 
neutral, connectmg o a, ob, and o c for “Y” three-phase and 
ab, c d for two-phase , symmetrical voltage relations and one 
common neutral return for both systems (as for (6)) 

As regards the practical use of (1), (2), and (3), when any one 
umt or phase-wmding of the group becomes disabled, it is impossible 
to operate and dehver polyphase currents as can be done by 
method (4), which has the advantage of dehvermg three-phase 
and two-phase currents when any one umt or phase-winding 
becomes disabled, this is aooomphshed by droppmg back to the 
open-delta or “V” connection, as shown at (c) m fig 6 

At the present time there is great need for economical and 
reasonably safe standards m overhead electric power-hne con- 
struction, and this need is growing every year For rural hues 
it IS, generally speaking, chiefly a matter of imtial cost, for mam 
power hnes the chief factor is rehabihty, for the reason that, apart 
from danger hazards, a breakdown may involve the industries, 
etc of a whole town 

The present state of the art (attamed elsewhere m overhead 
distribution for hght, heat, and power) has resulted largely from 
adopting wise standards of safety and construction. In this 
country at the present day there are problems of the greatest 
importance which must be faced m order to afford much improved 
facihties, and so forth, for satisfactory development, such as . 

Wayleave facihties, etc 

Post Office (P M G ) requirements m general to be relaxed 
Overhead clearances of conductors and wires to be reduced 
Limits of voltage regulation to be mcreased 
Gradmg of overhead construction m general to be changed 
Earthmg methods and hmitation of leakage currents, etc 
to be modified 

The easement of one and aU these factors must eventually 
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bring about the desired economy and development, which cannot 
otherwise be attained 

At this stage of the country's rural development there is no 
necessity to review past history showing the reasons, and why 
there has always been serious opposition to the uso ot overlicad 
lines, neither is it necessary to discuss the various suitable grades 
of safe construction and standards The object ot this book is 
rather to discuss certain accepted good practice, ot many years’ 
standing, and working under climatic conditions much nioic severe 
than those found m this countiy, practices that can, geneially 
speaking, be umveisally applied 

Those who have viewed this subject tioin its technical stand- 
point are aware that, in so tai as the piesent speciKtul loadings on 
conductors and their supports are concerned, ovcrliead tlistribution 
line construction in general can be imiiroved but slightly by any 
of the modifications recently advocated Wh<it is of fai greater 
importance from this view-point (neglecting P M (i enlorcenuuits) 
IS the minimum permissible oveihead clearances ot all suspended 
conductor- and wire-sizes foi the different voltages for respi^ctivo 
localities and locations, as well as the minimum ca])ital outlay, etc , 
for respective crossing-span construction One of the principal 
non-technical questions is that of wayleaves,^ and it has long seemed 
necessary to obtain powers of compulsory oxpiopriation for tlu^ 
purpose of installing certain overhead lines, as well as poweis to 
make it possible to obtain wayleaves, quickly and on reasonable 
terms, from the owners and/or tenants, but preferably from the 
former only In some countries electricity supjily undertakings 
have the right of eminent domain, and soiiio govornmonts have 
long since reahsed that the advantages of the supply of electricity 
to rural areas must outweigh possible risk (if any) to the public 
by making provision for suitable construction standards, and by 
fixing wayleave rates, etc per line-support and so forth These 
and other pertinent questions which arise in the standardisation, 
economy, safety, construction, and extensions of overhead linos 
in general are matters requmng the closest study and attention 
in order to permit satisfactory development — crural and otherwise. 

In the first place, we have to decide on the proper system to 
use, not for the present, or for to-morrow, but for all time In 
making a comparison of the two currents (a c and d o ) we are 
concerned chiefly with only a few questions, such as the relative 
initial cost and the relative reliability, neglecting for the moment 
the fact that d c is not suitable for distribution over very wide 

^ See Electrical Review, 6th January 1928, p. 15, “ Wayleave Rights,” etc. 
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and scattered areas To compare any system on tlie basis of 
normal smooth runmng conditions would be of little practical value 
to any one At the outset it is of course desirable to have con- 
tinuity of service for the a c system which is equal to or better 
than that of a d c system, assuming (say) a feeder is at fault, and 
allowing storage-battery auxiliary for the d c , furthermore, the 
a c system should at least be equal to or better than a d c system 
operating with storage batteries, assuming in this case a sub- 
station or distributing centre to be interrupted by a fault For 
both systems it would have to clear itself or/and it would have to — 

Burn off the fault, or provide protection, and 
Ensure that failure of protection of a feeder or mam 
would not cause complete shutdown, also 

Linut extent of the section (or each section) or network 
to satisfactory operating size 

For the a c system the requirement would be to — 

Burn off or burn clear the fault on secondary side of 
transformers, or provide protection, 

Isolate the primary feeder and/or transformer fault (if 
any) at both supply and load ends , and perhaps 

Provide duplicate or a multiple of feeder and/or trans- 
former sources of supply to the secondary system of sufficient 
capacity and proper arrangement , 

Restore sources of supply to secondary system quickly 
after an interruption is remedied, and, in the meantime, 
provide a temporary source of supply Also relieve, as soon 
as possible, that source of supply temporarily overloaded 
during the emergency 

The a c. system would of course give equal or better voltage 
regulation 'than the d c system, and, where regulators are not 
installed, the secondary mains would be made large enough 

The a c system would ensure ample transformer capacity and 
correct spacings on the distribution system. 

The a c, system would provide a sufficient number of feeders of 
proper size and would start out. with a sufficiently high primary 
voltage 

The a c system would, when necessary, have induction regu- 
lators to stabilise the system voltage, and perhaps load the feeders 
evenly according to their respective capacities. 

And the a c system would provide a secondary voltage as high 
as possible, consistent with satisfactory and safe operation of 
lights, motors, etc 
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We thus see that the a c system is very flexible aiul is especially 
adaptable to extensive areas And, of the ditleient a c systems 
in common use, long years of experience have pioved almost con- 
clusively that the best distribution system is the ihtee-ph<use Ar-wire 
system, which system possesses the gieatest (lexibility, gives an 
increased kVA capacity, permits of a widei disti jbution, and 
therefore provides better service on icmoto extensions It also 
offers the best combined light and power system over one circuit, 
and it permits of a cheaper construction, because it need only st<irt 
out as a single-phase system, etc (see also flg <>) 

In making comparisons of the ac and dc systems we must 
first know the magnitude of the service, and area, and tiansmission 
distance, because electricity supply, independent of the system 
(a c or d c ), may call for 

Extra-high voltage and very large powei* carrying capacity, 
or 

High voltage and moderate power carrying capacity , oi' 
Medium voltage and moderate power carrying capacity, or 
Low voltage and small power carrying capacity 

In this country these pressures are classified as follows 

Extra-high pressure is any voltage above 6GOO volts , 

High pressure is voltage not exceeding OOOO volts, 

Medium pressure is voltage not exceeding 050 volts , 

Low pressure is voltage not exceeding 250 volts 

As a distinction from this classification of voltages, in USA 
and Canada we have . 

Extra-high pressure is any voltage above 150,000 volts, 
High pressure is a voltage not exceeding 150,000 volts, 

Low pressure is a voltage not exceeding 600 volts 

The extra-high voltage and large capacity lines consist of the 
primary supply to main sub-stations or/and direct supply to 
transforming centres, with or without intermediate taps. Those 
are provided for transmitting large blocks of power from a more 
economical and/or more efficient point, such as the selected points 
of, say, a ^‘grid’^ system such as that this country is to adopt 
Eor such bulk supplies to main sub-stations and/or transforming 
centres, the wooden pole or frame construction is in every way 
satisfactory, a duplicate or loop for such like mam supplies is 
always, advisable whether wood or steel is used for the line-support. 
The standard voltage may be 33,000, or it may be four or more 
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times this figure, for bulk distribution, 33,000 voltct would seem 
to be a desirable pressure 

The hnes of high-voltage and medium capacity may form the 
primary supply to mam sub-stations and/or transforming centres, 
or they may supply direct to the distribution transformers at 
various parts of the network, in which case other supply Imes may 
(or may not) be installed for the purpose of reserve or for emergency 
service These are the primary feeds for all areas, and the voltage 
may be anything from 3300 to 33,000 volts, depending on the 
territory, class of construction, distance, load, and/or its character, 
etc These voltages would be suitable for the particular conditions 
and for safe transformation to low-voltage distribution mains, if 
desired 

The medium- voltage as well as the high-voltage systems may 
supply somewhat similar secondary distribution , this may consist 
of mams joining all the distributing transformers into a general 
network, or may consist of mams which form an independent 
section (or sections) completely isolated from other parts of the 
general network, but which have (or can have) the mams from 
adjacent transformers in the section or sections (as the case may 
be) tied into one network, or may consist of mains fed direct from 
a distributing centre and kept isolated from secondary mains fed 
from other transformers — ^this latter method being quite common 
in rural districts 

The lines of low voltage and small capacity are, hke the d c 
system, generally for local areas giving light and power service 
direct at a suitable voltage, % e 400/230 volts for this country, and 
classed as medium voltage 

As the secondary network is usually a costly undertaking, it is 
important that 

It should permit of mimmum maintenance , and 
Be low in first cost, and 
Be rugged m construction; and 
It provide a rehable supply, and 

Be of simple construction and require the least number of 
switching and protective devices. 

The primary supply should provide uniformity of transformer 
sizes, also provide for their proper location and loading. At the 
commencement it may be best to adopt that system (the three- 
phase) permitting a single primary feeder for bulk as well as other 
loads, and, where possible and desirable, adopt a voltage to avoid 
step-down transformers Also it should provide easy connection 
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and disconnection of feeder to network, and a single secondary 
main (three-phase 4-wire) so that both light and ])o\\er can be 
given over the same circuit without a flicker on the lighting services 
when motors are started And, generally, it should jirovidc for 
satisfactory methods of metering 

Sometimes a line is run directly from a main sub-station or 
from ^ transforming centre to a distributing point, and, when 
the load-density has reached a certain value, anotlier hue (or lines, 
or circuit, or conductor) have to be run in the same dirc^etion — 
these form radial lines or circuits from the one source of supply 
Depending on the direction of lines or/and the torrn ol the area 
and number of distribution points, the system ot distiibutioii can 
jbe looped in, forming ring lines This method is oftcui more 
economical, and is desirable m case of failure ot any one in-eoming 
source of supply When the load has grown to <in e\t(mt r(‘q Hiring 
more conductor-carrying capacity, a radial line can be run direct 
from the mam sub-station to the transforming centi’c, or, from 
the generating station to the mam sub-station, as the ease may be 

Resulting from tests and investigations cairu'd out by the autlior 
during 1925-26 for the purpose of ascertaining the r(dative useful 
insulating values of wood and steel suppor'ts for conductors, and 
also the most effective position and relative insulating and ])U)- 
tective value of a continuous earthed wire, in contact with as 
well as insulated from the wooden support, the author has oomo 
to the conclusion that all possible insulating vahu^ of th(' wood * 
throughout should be maintained at all times 

Loolang over designs and construction practice of this country, 
one sees everywhere the continuous earthed guard wire (see ]) 199 
and figs 7, 17, 18, 40) The law demands its use, and therefore, 
as it must be used, why not me %t properly ? Its present use can 
in some way be likened to installing an alternator for the purpose of 
running smoothly, neglecting the fact that by adding a little thing 
called an exciter (requiring not more than 2 ])ei cent of its total 
kVA capacity) it can be turned into very great value and j)'^operlif 
used Just so with the continuous earthed guard wire, in fact 
it can be turned to a decidedly useful and profitable value. For 
instance, where single-phase 2- wire or three-phase 3- wire primary 
distribution lines are considered, it can be made much more 
effective than present practice, and it can be turned to proper use 
Taking the three-phase 3-wire primary distribution circuit, by 
right design and construction the installation of a continuous 

^ See p 450 of author’s book, Overhead Electric Power Trammission Enaiileenng, 
a Griffin & Co , Ltd. 
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earthed guard wire can give us the following remarkable advantages 
over present-day practice 

(1) For equal or much less voltage strain, and using present- 
day construction standards, the kVA output for equal per- 
centage volts drop can be increased by an amount ranging 
between 250 per cent to 300 per cent 

(2) For approximate equal voltage strain on the hne 
insulators, and by modif3nng present-day construction 
standards, the kVA output for equal percentage volts drop 
on the line can, with approximately equal factor of safety of 
line insulation, be increased several times 

(3) The arrangement q| conductors and the continuous 
earthed guard wire for (1) remain the same, but the latter 
would be properly insulated from the wood pole and would 

S be of the same metal and size (or 50 per cent of the size) of 
'each of the line conductors, and the circuit would be three- 
phase 4-wire The continuous earthed guard wire would 
be as effectively earthed as at present By this method the 
transformers need not cost any more per kVA, and the hne 
insulators need not be changed as the insulation strain is 
not so great " This is obtained on the basis of present con- 
struction standards, properly modified With modification of 
construction we obtain better Ime protection and a better 
operating line than with present construction practice 

The above refers to present-day design and construction 
standards of this country such as shown in figs 7 and 17 The 
common position of the continuous earthed ‘'guard’’ wire strung 
from pole to pole need not be changed , it is less efficient but safer 
than one located at the top of the pole, provided it is as effectively 
earthed and is equally well installed, because it cannot fall on 
conductors, and it may touch or catch a broken conductor as it 
falls, etc Earthing the crossarms and pins to it is bad practice, 
especially in a wet country like this, and it is dangerous practice 
in a country in which lightning is frequent, conditions may not 
be fixed by earthing at four “equi-distant” points to the mile 
(which differs, generally, from four equi-resistance points), in place 
of earthing at each support A continuous earthed wire, run from 
pole to pole, IS likely to be a more active combined lightning 
conductor and arrester than any other single piece of protective 
apparatus on the system, and, as the wood pole is used as the path 
for lightning discharge, there is a relatively greater chance of it being 
split or shattered at the intermediate points, etc. Instead of using 
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provides the best service on remote extensions such as is generally 
required for outlymg areas and rural service Also we should 
provide that system (the proposed system) cajiahle ot starting 
out for a given service with the lowest possible nuinber oi con- 
ductors (one only), using the continuous earthed wire as the neutral 
or return conductor modified as proposed herein, t e used for 
combined earthed wire or earthed guard wire, as a protection 
device for tnpping the circuit in the event of a fault, as a neutral 
return conductor, and as a means for earthing the ])ole through 
a spark gap, etc The system to accomplish all this is the iiroposed 
new three-phase A-vnre given here for tho first time (see fig (5) 

For distribution of electricity a single pole is the getiei al rule, 
and the best pole ls one of smooth round outline -[lossessing aiiqile 
mechamcal strength and high, or good, insulating properties in 
the material used It should be as short as practicable, consistent 
with minimum permissible overhead clearances as well as future 
requirements At present the wood polo comes nearer the ideal 
and IS the only pole in Use that has the most ideal outline to resist 
stresses It has equal strength in all horizontal directions, and 
the greatest elasticity to equalise unbalanced loadings, and has 
very useful insulating value, it is also economical in first cost, 
IS efiSoient in working, and, electrically, it ofTors the safest line 

For equal resisting (or bonding) strength the single wood ))olo 
has a diameter slightly less than 1 7 times the “A” or “U ” frame, 
commonly called two-pole structure Where tho base is rigidly 
held, the strength may be taken as nearly double that for oi dinary 
setting in soil, hence there is greater need foi caution in the case 
of the “A” and such-like frames than for single poles 

The bonding of pole ironwork provides a more dangerous line, 
hence it should be avoided It is unwise to bond the insulator- 
;pms and connect them to a continuous wire strung from jiole to 
pole, a faulty insulator endangers the whole line And, it is 
equally unwise to bnng the earth up to and in contact with a 
wood pole, because the safety of the line is much impaired, bird 
and other troubles are increased, the hne operation is less reliable, 
and the hne is made more dangerous In lightning areas tho 
contmuous earthed wire can be used for earthing the pole (if 
required) in the same way as earthing the neutral conductor for 
lightmng protection, %,e through a spark-gap from the pole to 
the earthed wire (see fig 6) 

Wooden crossarms {oak in particular) are entirely satisfactory 
and equally as durable as, and no less rehab le than, the wooden 
pole As they cost but a very small fraction compared with a 
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wooden pole, and as they consist of better material and are better 
treated than, and not pierced or so roughly handled as a pole, 
there is httle or no practical reason why they should not be used 
very generally as in other countries, especially as this country 
has relatively greater wet seasons, etc The wooden crossarm 
permits of the safest and best operated line which, apart from 
cost, IS among the chief requirements For distribution work in 
general they should take preference over all other materials (see 
fig 19) On straight-hne construction only one crossarm is 
required for primary feeders , if it is a single-phase lighting branch 
it can be placed on one side of the arm, and the secondary on the 
other side of the pole on the same arm This offers the safest hne 
taken from two of the most important view-points, namely, wind- 
pressure and high-pressure crosses, and a much shorter pole can 
be used Double crossarms are required only at corners, crossings, 
and where very heavy conductors and/or long spans are used 
For distribution work in general, single crossarms and single 
insulator-pms are required (see also fig. 19a) 

Stays are necessary where conductor stresses are not balanced , 
they are useful in preventing increases in sag in adjacent spans 
In all cases they should be insulated from the poles (see p 47) 

The most economical hne operation is secured when the insu- 
lator, pin, and arm work together, and only when considered in this 
respect can maximum effective insulation and life be expected 
Bonding insulator-pms increase the stresses imposed on the 
insulators, and earthing the pins imposes additional strain on 
the insulators A better and safer hne is secured and improved 
operation is obtained and maintained from unearthed and/or ~ 
unbonded insulator pins Insulators of much higher rating are 
required for equal satisfactory service when the pins are earthed, 
this also apphes where the earth is taken up, and in contact with 
the pole for any other purpose 

The efficiency of a tie-wire depends on the wire used, the tie, 
whether bare or insulated, the size of conductor, and how the 
conductor is placed on the insulator For straight runs, the 
conductor is placed either in the top groove or on the side of the 
insulator nearest to the pole. At corners or angles, the conductor 
IS placed in the side groove so that the insulator and not the tie- 
wire takes the strain 

For all distribution hnes, designs are based on strength of 
supports in the transverse direction of the line except at corners 
and terminals , that is, on the wind pressure transverse to the line 
Therefore, for equal overall diameter of conductors, the copper 
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conductor has a large margin in its favour over all other coiuUictors 
(also see p 129) For equal voltage strsun to earth, eopper also 
offers the smallest size of conductor for equal dehveu'd load iwid 
loss, hence, mechanical supports for equal siian are h'ss in cost, 
,etc (also see p 71) In general the stranded conduetor is safer 
than the solid conductor In certain urban areas and tor ceit<iin 
voltages, conductors may bo lequired consisting of i iibbei -filled 
tape with a servmg of jute saturated with tar and a tape over 
this covered with weatherproof cotton br.ud Projier sjilices, 
joints, and method of soldering must be observed It may bo 
found better in the long run to deal with excessive voltage chop 
by additional copper than by voltage regulators 

Primary feeders are protected at the souice liy oil switehos 
Duplicate or immergency feed, and sufficient sectioiialising or 
isolating link or disconnecting switch-jiomts, and/or autpoinatie 
reclosing equipment, should bo installed Distribution trans- 
formers are protected by fuses, switches, or revel se-energy oireuit 
breakers The low-voltage network is usually proti'eti'd by fuses, 
where possible, parallel or interlace feedeis, so that at least every 
alternate transformer is fed from a dilleient feedi'r or jihasi* M’he 
usual faults are earths, short-circuits, and transfer nn'r lailiiri's. 
(hromts should be equipped with the usual protc'ctivo tri|)]ung 
features Service taps should not be too long and should bo taken 
off as straight and as level as possible, allowing liberal sag and using 
approved insulatmg spacers whore tapped other than at the pole 
The neutral conductor is at least as important as any of the 
phase conductors The worst thing that can hajipen is to have it 
break The best results are obtained by earthing the jii’invary 
neutral at the station or the transforming centre, an<l at other 
convenient parts of the distribution system, and earthing the 
secondary neutral at or near the distnbution transformer and on 
the consumer’s premises Multiple earths generally provide a 
better and safer construction and system The location of the 
contmuous earthed guard wire is reasonably effective (sec fig 7), 
but it IS not put to proper use , by the system and method proposed 
herein it can be put to several valuable uses, one being that of 
neutral return conductor at zero potential. If tho neutral con- 
ductor IS of the same size and material as the phase conductors 
(whether used in emergency cases as a phase conductor or not 
(see p 198)), for equal safety it should be strung to greater sag, 
because it is subjected to greater mechanical load and it derives 
no benefit from mcrease in temperature such as the current in a 
phase conductor, and will collect more ice and will retain it longer 
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than any phase conductor If it is smaller in size, a somewhat 
greater sag is lequired for the same span-length and same con- 
ductor material 



Fig 6 — Proposed distnbution system , see also fig 32 b (This system permits maximum 
reliability, maximum economy, maximum service, maximum safety, and maximum 
earning capacity For equal percentage voltage drop, equal maximum voltage with 
regard to earth, equal msulator rating, practically equal total sectional area of 
conductor, equal strength of supports, and equal span-length, etc , this system 
permits of greater kW to be earned, best protection, and best operating conditions, 
etc Bead pp 15-25 , also 196-201 for a better understanding ) 

In distnbution work ordinary spans are the general rule, 
a 240-ft. span is excellent, as it is about the longest, most economical 
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length where wood polos ciro used, diul it permits ol vei y g(»neral 
and safe use of wood crossarnis As tins length of sp«in is not 
determined by the mechanical sticngth of the ooiuliuitor, the nsks 
(if any) aie in other directions 

Although inductive unbalancing is important, inoie in distiihu- 
tion than tiansnnssion work because ol gieatei cmnmts <in(l (*Ioser 
regulation, etc, the airangemcnt ol conduetois in distribution 
woik rests largely with such matteis as cle«iianci^ ie<pureinents, 
swinging, sagging, working spaces, nunibei and si/a‘S ot con- 
ductors, etc The horizontal arrangement usually olleis bettei 
all-round advantages than the vertical ai ra.ngenient , lor gcmeral 
conditions, we can allord nioie hojjzontal than V(‘itica.l space 
to piovido equally safe clearances ol conductors Where* more 
than four conductors and two cucuits of (liller(‘nt volt<ig<*s are 
used, both spaces arc usually taken u]) ''l^hc best ariaiigement 
of conductors for safe working clearances, kee])ing in mind future 
requirements, decides the separation of the eondiu^tors and the 
economical size of pole Taken as a general rule, tin* hirgest 
conduetois should be the lowermost on the pole and closest to 
the pole, and for the highest-voltage coniluetors tlu* exacit op])osit(* 
practice should be followed At crossing spans conditions «i.rc 
different to straight-lme construction, and decisions ca.n bo ta.kcn 
from p. 52, which give the best and most suitable piaetiec to adopt 
Telegraph and telephone wires should novel cross (nor b(*, strung) 
above or over hp conductors For equal size, tlie location of 
the neutral conductor over (above) a phases conductor is dangerous, 
and imposes a greater loading on the i)ole it it is not given a gri*ater 
sag, this position is common m rack construction, the idea being 
that should a h p (h t ) conductor break, it would do less dainagci 
falling on the neutral conductor Howcvei, it is generally over- 
looked that as this conductor does not normally carry curumt it 
will be subjected to greater mechanical loading and to uneipiai 
sag in relation with the other conductors 1’aken as a genoial 
rule, the highest-voltage conductors should always bo uppermost 
It IS both bad and dangerous practice to have workmen climb 
through or pass h p conductors to work on 1 p conductors located 
above or on a higher plane In deciding the spacing for horizontal 
arrangement, it is necessary to know the maximum angle of swing 
of the conductors (see p 72), maximum angle ot swing (tan^) 
IS equal to the wind pressure on conductor divided by the weiglit 
of the conductor per unit length respectively (see Table Vll). 

There still exists a certain controversy as to what is the best 
distribution system and hne construction. As with most things, 
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taken as a general rule, the best is the cheapest in the long run 
Unfortunately there has been too much talk about “the most 
economical’’ being the best and most satisfactory; this so-called 
“most economical” invariably lacks many real and vital most 
economical factors, which, when included, mean more truly the 
best IS the cheapest Very often, and only around the imtial stage, 
IS the so-called “most economical” or initially cheapest the best, 
and it often quickly becomes expensive and more dangerous 

To improve operating conditions and imnimise the probability 
of service mterruptions, before deciding on the arrangement of 
conductors, etc , it is necessary to bear in mind that 

Their height above ground-hne, their number, the length of line, 
its location as to relative exposure, as well as the length of under- 
ground cables connected to the line, are all very important factors 
The higher the feeders or mams the greater the hazard to 
transformers and Ime, etc 

The greater the length and greater the number of conductors 
and wires, the greater will be the exposure to lightning, winds, etc 
Joint occupancy of power and communication circuits permits 
of a better shielding value from hghtmng, etc , for the power 
conductors m particular (see also p 66) 

The greater the hne insulation the greater will be the protection 
against direct stroke of hghtmng and high-voltage impulses of steep 
wave front, therefore, distribution mams, also inferior wires and 
defectively insulated at the supports, are the most hable to danger- 
ous external pressure rises, against which protection by suitable 
discharge to earth is required Pressure rises due to induced 
voltages are the most dangerous in distribution lines, however, 
when effectively cared-for, protectors such as arresters, chokes, 
absorbers, suppressors, earthing coils, and resistances, etc are 
often not required For the best construction (against hne being 
struck by hghtmng) the mam or phase conductors should be shielded 
and the lightning charge dissipated over the earthed neutral con- 
ductor or /and over the continuous earthed (ground) wire, the 
combined earthed neutral conductor and continuous earthed 
(ground) overhead wire (see fig 6) not only ehminates the use of 
one conductor from the present-day hne practice in this country, 
but the best all-round protection against dangerous pressure 
rises IS secured To ehminate trouble from a stroke of hghtnmg, 
an efficient overhead earthed wire is the most reliable and is a 
satisfactory means and protector, to eliminate trouble due to 
high-voltage impulses and steep wave front, shattering poles, etc , 
spark or horn gaps, and other forms of protectors can be effectively 
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used (see fig 6), and, to eliminate tionble diu* to lugh-voltage 
static and arcing earths, etc,, an ellectively earthed neutral con- 
ductor IS about the most suitable protector 

Proper location of the cai-thed neutral eoiuluetoi pi'iinits of 
considerable shielding from lightning, etc (see also llg (i) 

Locating Imes parallel with and adjacent to trees lesults m 
a safer line from lightning eftects, winds, etc 

Where a contmuous earthed wire is used, it is well t.o avoid iron 
or steel, t e use non-magnetic condueting material, o'opjier or 
copper-alloy for preference, as low resistance jiatU Ibiough the 
wire and the eaith connection is of consKk'rable imjiortanee, this 
also apphes to fig 6 

The value of earth resistance to he consideied .is dangerous 
depends on the amount of current which th(' earth eonneetnm will 
carry, as well as the maximum strength of the insulation winch is 
to be protected, both of which are improved and established by 
proper construction, as outhned herein 

Long experience has shown that the merits and life ol wood 
pole and frame construction, properly chosen and impregnated and 
properly installed, are decidedly favourable And, for a line of 
proper construction (see fig 6) there is loss lightning troubh*, less 
bird and other line troubles, and a superior operating line foi equal 
insulator rating than one of steel construction in particular 

Each steel support is a lightmng conductor and often a lightning 
“arrester” (using the word “arrester” in its true sense), and it is 
most efifioient as such when most effectively earthed and when 
carrying the greatest amount of metal and covering the most 
space Hence the nsk of interrupted service due to faulty insu- 
lators, etc 18 considerably increased, even though there is a smaller 
number of msulators and supports, by introducing the longer 
spans, because breakdown is generally not due to a larger number 
of weak spots but rather to one (or more) “hot,” or highly stressed, 
or excessively weakened, insulation spot — all things it is always 
the weakest, or the weakest of the weak, that fails. 

As regards distnbution transformer failures, those arc due to 
such factors as the type of installation, the system used; the 
transformer size, type, and age, whether new or rewound, their 
location; type and grade of hne construction , the connected load, 
previous transformer and/or fuse failures , whether earthed or other- 
wise, etc. Also, failures are due to hmitations in protection (inde- 
pendent of hghtmng arrester protection), such as cuiTents from 
several circuits through earth connections of moderate resistance, 
entrance through the secondary side, and high earth resistance, etc. 
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In trying to burn oflE a fault (on a non-regulated line m parti- 
cular) an overhead circuit cannot be compared with an under- 
ground cable system, and the a c system cannot be compared 
with the dc system, for the former (in both cases) it is not so 
easy as is the general impression to burn ofE a fault, even in the 
case of a line voltage as high as 15,000 

Summarising but a few of the principal merits of the system 
and line, it is quite apparent that 

We desire a system of distribution, as judged from every 
point of view (which includes summation of every advantage), 
that IS the best system This centres around the three-phase 
4- wire system (specially study pp 196-201) 

We want a system capable of starting out with the least 
number of line wires and conductors, and least total con- 
ductor sectional area, this likewise favours the three-phase 
4- wire system 

We want the simplest system, and one that offers the best 
voltage regulation for equal delivered load, distance, etc , 
this also favours the three-phase 4-wire system 

We want a system that, so far as protection to apparatus, 
etc IS concerned, the normal voltage to earth can under no 
conditions rise to more than 58 per cent of the normal voltage 
between line phase -conductors, this also favours the three- 
phase 4- wire system 

We also want a system that prevents the potential of a 
neutral point from a serious change from earth potential as 
well as which offers free discharge of electricity, and with it 
we want a line possessing the ability to keep down to a 
minimum (and one that wdl rapidly dissipate) the quantity 
of lightning potential superposed upon it , this again favours 
the three-phase 4-wire system and line, such as shown in 
fig 6 (see also p 198) 

Dangerous system disturbances arise from external and 
internal causes, as a general rule most of the former are 
caused by lightning, and the latter are due to switching, 
arcing earths, and short circuits For the former it is obvious 
that, as the danger is from a phase conductor to earth, the 
safest line and system is that which provides for the greatest 
reduction in the intensity of over-voltages due to lightmng, 
etc , as well as the greatest damping effect on any high- 
voltage wave or disturbance travelling along the line, the 
system and hne construction shown in fig. 6 are most suitable 
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for meeting these external dangers, foj giving the best and 
most efteotivo relay piotection ttn the svstein and line, for 



Fig 6o Showing thrcc-phoao system trausfoimation. 


ehnunating troubles of any kind arising from static pressure 
rises and arcing earths, also for giving the greatest protection 
from high-voltage strain. For the latter there are many 
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relay and impedance protective devices on the market to 
choose from, troubles fiom arcing earths are eliminated by 
using the system shown in fig 6 (study pp 196-201) 

During the last few years Ime construction has taken a turn 
from steel to wood, and while the price of the wood pole keeps its 
present level, this type of line construction will continue to be 
erected in preference to steel or reinforced concrete Of special 
interest is wooden construction throughout for the higher-voltage 
lines, this practice is one of the best possible recommendations 
to the general adoption of wooden construction for distribution 
lines The following table is a lepresentation of hne construction 
during the past two years It is for transmission work, but is 
of interest in showing the trend erf the latest practice, i e wooden 
pole or frame construction, use of single-circuit lines, very general 
use of copper conductors, etc AU the lines given in the following 
table are important, and have been decided upon only after a very 
careful study of general conditions by engineers with wide exper- 
ience in hne construction and operation 


Trend of Practice of Recent Line Construction such as Wood Poles 
OR Frames, General Use of Copper Conductors, etc 


Company 

Lme 

Voltage 

IVIileB of 
Circuit 

Conductor 

(Copper) 

Span 

(Ft) 

Supports 

City of Seattle Lighting 

165,000 

120 

0 630-moh 

600 

Wood 

Utah Power and Lighting Co 

132,000 

82 

0 675 


612 


California- Oregon Power Co 

132,000 

74 

0 575 

»» 

600 


Idaho Power Co 

132,000 

81 

0 575 

99 

600 

99 

Puget Sound Power and Lightmg 
Co 

110,000 

66,000 

613 

0 528 

99 



Southern Califorma Edison Co 

260 

0 628 

99 

200 


Eastern Oregon Light and Power 
Co 

66,000 

57 

0 373 

99 

475 

99 

Southern California Edison Co 

66,000 

41 

0 418 

99 

200 

99 

Nevada Valleys Pqwer Co 

66,000 

66,000 

36 

0 292 

99 

300 

„ 

Umted States Bureau of R 

19 3 

0 332 

99 

440 

99 

Idaho Power Co 

66,000 

16 

0 332 

99 

350 

99 

Washington Water Power Co 

60,000 

22 

0 147 

99 

365 

99 

Pacific G and Electric Co 

60,000 

15 2 

0 232 

99 

300 

99 

Portland Electric Power Co 

57,000 

35 

0 418 

99 

200 

99 

Puget Sound Power and Lighting 
Co 

55,000 

25 

0 528 

99 


99 

Great Falls Power Co 

50.000 

44.000 

70 

0 147 

99 

300 

99 

Albuquerque G and Electric Co 

17 

0 332 

99 

276 

99 

Tnnidad Electric T R andG Co 

44,000 

15 

0 332 

99 

230 

99 

Salt River Valley W U Assoc 

44,000 

13 

0 418 

99 


99 

Arizona Power Co 

40,000 

212 

0 332 

99 

393 

99 

Umted States Bureau of R 

33,000 

58 

0 332 

99 

250 

99 

Portland Electric Power Co 

33,000 

30 

0 370 

99 

150 

99 

Southern Sierras Powei Co 

33,000 

20 3 

0 184 

99 

i 300 

99 


Note — ^The differences m span-length for relative size (diameter) of conductor is due 
to the class of territory crossed, the loading district, etc. 
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For distribution linos, woodoii oonstruclion is uni\orH,illy m 
general use, and will continue to be ,i.s (oi more) gcMu'iaily used 
in future years because of the lieth'r un(leiNt.in(ling ot il.s merits 
At the present tune it is the kind ot suppoit more gcmei.illy used 
than any othoi, but iintortun.iiely it lias been .md is being used 
in an inefficient manner — tliat is to s,iy, lull .ulvantagi* is not 
taken of wooden consti action throughout (absmiee ot st(>el) and 
its useful insulating ])ropeities, which can l)(> increased and main- 
tained to best advantage by pioper impK'gnation, nor is full 
advantage taken with rcgaid to line eonsliuctioii and piotection, 
etc along the path of highest efficiency and udiability 'Pho 
author, therefore, can make no apology for ollming this work at an 
opportune stage m this countiy’s electucal developiiii'iit In view 
of the fact that the three-phase systmii is to Ik* the standaul system 
for the entuo country, there is furtliei r(‘ason Ibi coneentratiiig 
special attention on the threc-pluisc 4-vvire and siiigh' jili.ise IJ-wirc 
distribution systems Fuithermoi’c, at this initi.il stage in the 
electrical development of this country in particul.ir, and also 
because of its existing line consti uctioii practici's, tliiu’i* would 
appear to exist very good reasons lor proposing a sysU'iii of elec- 
tncal distribution possessing outstanding nu'rits oi, at least, 
deserving of special study based on the woild’s best and safest 
practices (pages 15-25, also 10(5-201 are dcsi'i'ving of specuil 
study), but quite independent of these mattm’s, the ti'vt through- 
out boils down the world’s best moat essential factors aiul practices. 
In certain parts of the world, also for cases whole intereoiiiiec, turns 
are contemplated, and where the two best and most economical 
polyphase systems (the three-phase 4-wue and the two-pli.ise 5- 
wire) are used, the method of lino construction and systmn-traiis- 
formation proposed in fig 32b should provide for tiio iiocessary 
adaptability and usefulness of the two most important symmetrical 
polyphase systems 

The practice of joint occupancy of pole lines (see lig H), as yet 
non-existent in this country, due chiefly to the almost impregnable 
objections and circumstances of those responsible for opciating 
the communication circmts, is just touched upon in the text. 
Only an equally strong combating Government department can 
best bnng about this necessary change, which has in other countries 
already given economical and satisfactory service to both of these 
distmet pubhc utihties for more than twenty-five years. 



CHAPTER II 


ASPECTS OF LOCATION AND DESIGN OF 
DISTRIBUTION LINES, 

Distnbation Imes differ from transmission Imes; tbe latter transmit 
enei^ from one pomt to another with nsnally no tap between, while 
distnhution Imes are designed to conduct ene^ from one pcnnt to a 
number of other pomts, mvolving many taps and brandies. Such Imes 
are very rarely designed for the demands of the immediate prospective 
consumers solely-^the design and construction generally allows for a 
growth over several years. 

For the primary system of distnhution there is the dioice of usmg 
radial or loop feeders. The form of radial hues are where one route is 
the practice, » e. where the pomts of distnhution are m the same direction 
from the source of supply. Loop feeders pass out of a station and de- 
scnbe a loop. The simple arrai 4 ;ement of pnmary mams is to run out 
feeders, or a feeder, to temunate at or near the dectncal centre of dis- 
tnhution of the particular area to be served, and from tins pomt take off 
branches m the directums desued; m this way each obtains the same 
advantage of voltage regulation, voltage r^nlation at the centre of 
distnhution at all loads. Whether smgle or polyphase, the centre of 
distnhution can be located with reference to the electncal centre of the 
load m its particular area and each regulated for voltage separatdy, which 
permits feeders to be loaded more heavily than is possible when the load 
IS distnbuted from a single centre or pomt. 

It IS poor practice to load up a wooden pole or frame with metal work ; 
it IS still worse to bond all the metal work, because any defective msnlator 
makes the whole of the pole or frame ironwork ahve and a danger, as 
viewed from many standpomts. If much development m rural electric 
supply IS espected m this country, fiany easting obligations imposed 
on undertakers must first be relaxed. 

Ihe size of msulator depends on other things than Ime voltage, such 
as locahty and the atmosphenc and other conditions, and the kmd 
of hne construction used. The proper location and disposition of con- 
ductors depends on the hne voltage, then size, and the type of hne con- 
struction used. In distribution work the arrangement of conductors is 
very important, as chmbmg and working clearances must be amply pro- 
vided for For primary distnhution using the three-phase 4>wire ^tem, 
the four conductors are best placed on the top crossann, two on each side 
of the pole ; the neutral conductor may be placed on the tree side or on 
the road side whichever is locally found best The secondary Lp. and 
m p. distnbutiDn may be rack or orossarm construction, dependmg on the 
number and size of conductors, the length of spans, and other conditions. 
Crossarm constmction, for the same insulators used, permits of a safer 
and better insulated hue than one of^rack constmction. 

29 
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In the location, design, and consinietion ol .u» ovciluMd line, at 
least the same amount of care and teelinieal knowh^dgc^ is needed 
as for an equivalent iindeigtound cable instalLition l^'or line 
location, some of the piineipal factors re(|mnng consuhn'ation at, 
or before, the time of design are 

Satisfactory route as regards safety, a(‘ce.ssibility, and costs, 
Reasonably straight loute. 

Satisfactory span-lengths for safe clenranc(^s, 

Safe and satisfactory lengths, and ninnbei of line-su])j)orts 
of the proper type and stiengtli , 

Maximum strength of niatenals foi least cost. 

Satisfactory location for the line-sniipoits tlunnselves, 
Minimum cost of foundations and s(‘ttings, 

Minimum cost of materials, freight, haulag<\ handling, 
distributing, and general labour, 

Attainment of the highest faetois ol r(^lial)ility, and safety 
from all sources , 

Property value and nature ol ground, ])aitu‘ulaily <it 
corners or terminals, which usually aie points of spc'oial im- 
portance, as foundations, and such locations, usually form 
one of the weakest ])arts of a line 

And, in the location of rural and other luu^s it is of importaneo, 
from several view-points, to provide for 

Ample clearances from fences or boundary liiu's, 

Avoid areas or districts subjected to jirevailing gusts of 
wind, 

Avoid districts subjected to atmosphere polluted by 
chemical fumes, soot, fog, salt spray, smoke, dust, vie , 

To keep away from busy highwayvS, chemical works, tele- 
graph and/or telephone lines, very low and/or swa-mpy ground, 
etc , 

Pay due consideration to the value of jiropcrty erossocl , 
Reliability of service , 

Accessibility for inspection , 

Keep in mind, in deciding on the economical span, to have 
sufficient overhead clearance of conductors and wires at all 
points , 

Due considerations to matters likely to affect construction 
of any part of the entire hne 

Proper location can be expressed fairly well in the following 
few words Higher mechanical and electrical factors of safety, 
cheaper maintenance and better operation 
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Wayleaves in villages or towns can no doubt be obtained on 
very short notice from the Electricity Commissioners by permit — 
or franchise in other countries — ^for the use of streets, alleys, or 
other pubhc thoroughfares, or over private property, wayleaves 
can more often be obtained by easement In obtaimng private 
wayleave care should be taken to avoid all clauses in contracts 
which would be, in any way, detrimental to the construction or 
operating of the hne In obtaining wayleave the following points 
are important 

See that it is the most desirable route , 

Note general character of territory crossed , 

Study more than one route and select the best , 

Study the location and magnitude of all angles — ^their 
costs and hazards , 

Study location of section hnes and corners , 

Study all property boundary hnes , 

Note carefully the length of hne through each piece of land 
and the character of land crossed or to be crossed , 

Make a close study of railway and highway crossings as 
well as telegraph and telephone line crossings, or to be 
crossed, 

Study possibility of parallel lines with telegraph and 
telephone lines for some distance, also joint occupancy, 

Make a close study of the topography , 

Study the profile and prepare map of proposed line , 

Study best location of hne-supports by staking, etc., etc 

To fulfil these requirements satisfactorily it is necessary to have 
a map covering the complete route, or hne extensions, showing 
both plan and profile for construction purposes and for records, 
etc (see p. 251). On the profile shown, the poles should be located 
so as to take advantage of changing slopes and so forth, and to 
occupy suitable locations for crossmgs over roads, highways, etc , 
care being taken at all locations that’ the hne insulators and supports 
will carry a sufficient proportion of the weight of the conductors 
to prevent dangerous side-sway under wind-load conditions There 
should be at least one of the maps showing land purchased, if any, 
in fee or obtained by easements, giving bearings, property bound- 
aries, distance, etc 

It should not be overlooked that the most advantageous line- 
support locations, and the most favourable clearances of conductors, 
are of httle avail if the insulator tie- wires or clamps securing the 
conductor or wire are not effective and reliable , with an increase 
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xn tension of the conductor the diameter ot the stranded con- 
ductor IS decreased slightly, and slipping of ties is likely to occur 
The route and location of lines (for all voltagt‘s) should ho 
selected so that the total cost of the eom])lete(l line will he a 
minimum in so far as this is consistent with considerations of 
accessibility for maintenance, winds, and otluM* storms, and the 
effect of local climatic and atmospheric conditions o// nh^nlaioys 
as well as other parts of the line 

Where a line is to be located on a })ul>lie strind, its (dloet upon 
adjacent property should be given due considmation, and iiermis- 
sion should be obtained, where there are growing trtn^s, to cut 
or lop all trees likely to bo an obstruction to tlie eonsti uc.tion and 
safe operation of the lino 

When crossing piivate or govern rncmt land, the wayleavc^ ought 
to be well cleared of brush, and the trees on eitber side of the line, 
which might injure the line by falling, piefeiably should he cut 
down and removed if permission to do so can be obtained, all 
brush and debris should be piled and Iniriuxl, and thc' wayleavo 
cleared for construction and for facilitating its inspeidion dunng 
operation Great care should be exorcised to jin^vont any destruc- 
tion along the wayleave without the previous iierinission of tho 
owner (or/and tenant) of the property Over ])riv<ito wayh^avo 
the centre line of poles usually conform a-s closely as conditions 
will permit to the centre of tho wayleavo obtained 

Distribution lines differ from transmission lines, whujh latter 
transmit energy from sending to receiving stations witli no taps 
between, while distribution lines are designed to conduct energy 
from on© point to a number of other points involving many taps 
and branches , in other words 

Distribution lines are divided into many ciieuits, 

They are designed to carry much less energy , 

The voltages employed are much lower , 

Their designs are not so rigid, generally speaking , 

Their insulation is less difficult , 

Short circuits are usually less destructive , 

More general use is made of wooden construction through- 
out, ^ e wood poles and wood crossarms and wood jiins, some- 
times wood braces 

Distribution lines should rarely, if ever, be designed for just 
the demands of the immediate prospective consumers, in fact this 
IS bad practice, also, m making extensions, proper provision 
should always be made for a growth over several years. 
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When consumers are from six to ten miles from the source of 
supply, 6600 volts is a good standard, and when they are from 
ten to twenty miles distant, 11,000 volts is the more hkely voltage 
required, load requirements will also decide For pole hnes, 
these voltages should be carried by conductors located on the 
topmost crossarms, and the arm or arms should preferably be 
painted a colour known to the hnemen as being a known or/and a 
particular h p circuit — ^they thus serve as a visual reminder to 
hnemen that they must be cautious when working on these poles 
The secondary conductors can be earned on other coloured cross- 
arms (or unpamted arms) and placed several feet below — depending 
on the voltage difference, type of construction, span, and size of 
conductors, etc The kind and number of wirea^and/or conductors 
to be strung on a pole or frame are governed by the requirements 
of service and the solution of the techmeal problems involved 

For rural distncts it is usually understood that such hnes will 
be located at some distance from the main generating or distributmg 
station or centre, and, if reasonable size or good practice is desired 
and an eye is kept on the future, aU such rural hnes can be con- 
structed to afford good operating conditions and reduced main- 
tenance expenses Rural hnes may call for just as high grade 
construction and standards of service as hnes in urban and other 
areas Hence, they should, because of their relative remoteness, 
etc , be built in accordance with good standard practice, and not 
merely to see how cheaply they can be constructed in applying 
too low factors of safety, ^'chea;ply'' constructed hnes may cost 
both the undertakers and the customers more than well-built hnes, 
where proper charges, etc are apphed for maintenance and depre- 
ciation and so forth One of the best methods for reducing rural 
hne cost, and whereby proper factors of safety may be maintained, 
IS by proper increase of span-length (see p 67) The arrangement 
of conductors should for every design and location be specially 
considered where trees are on the route It may be cheaper and 
better to build a line with comparatively long spans supported 
on substantial poles than to use short spans and short poles The 
kind of conductor material is of very great importance The 
strength of a small-sized wood pole may decrease much more 
rapidly with age, etc than the strength of a larger pole, and 
maintenance costs may be materially increased by the use of the 
small pole For distribution work, in practically all cases it will 
be found cheaper and better in the long run to employ the more 
substantial pole While the imtial cost of poles can be kept down 
as low as possible (because of the great number involved), the 

3 
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construction of a given line should not increase maintenance and 
operating costs 

Designs, etc are regulated by the Electricity (Commissioners, 
and obhgations are imposed on the undertakers, a few of the most 
important for the latter, and for this countiy at piescnt, being 

1 (1) The declared pressure at the consumer 's terminals 
must be constantly maintained within T 4 per cent for 
pressures up to 3000 volts 

^ (2) The declared pressure at the consumer’s terminals 
must be constantly maintained within "( 12 per cent in the 
case of pressures above 3000 volts 

(3) The declared frequency must be maintained with a 
variation not exceeding ^25 per cent 

(4) The maintenance through each distributing mam of a 
constant supply sufficient for the use of all the consumers 
entitled to be supphed from that mam. 

* (5) The restnction of the area liable to interruption of 
supply, by suitable subdivision of the system of distributing 
mams. 

Provided the reqmrements of voltage drop are mot, the most 
desirable voltage is that which gives maximum overall economy 
of distnbution. Withm ordinary limits, the higher the voltage 
the cheaper a given size of line is per kVA transmitted, and the 
greater can be the spacing of sub-stations, etc. On the other 
hand, if the generating station is situated some distance from the 
load, rather than raise the distribution voltage it may prove more 
econoimcal to have the pnmary hne or the high-voltage trans- 
mission hne feed directly all (or the larger) distnbuting centres, 
each of which may supply local h p distribution, or transformers 
direct, for distribution to individual consumers The voltage 
must be high enough to ensure that the voltage variation at the 
boundanes of the distribution or the supply area can be kept within 
reasonable hmits without excessive size and cost of feeders and 
so forth It is usually desirable that the voltage variation should 
not exceed firom 4 to 6 per cent on either side of normal, or a total 
of 8 to 10 per cent , and from this 2 to 3 per cent may be deducted 
for transformer voltage drop, leaving a permissible maximum drop 
in voltage of 6 to 8 per cent in the high-pressure mams (see also 
p. 67) As a matter of fact, transformer drop plus generator 
1 Unless otherwise specially sanctioned 

* A mam for pressures above 3000 volts may not be used to transmit more than 
1000 kW unless adequate provision is made for emergency supply in the event of 
breakdown of the mam. 
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variations may exceed 4 per cent without allowing for line drop 
Apart from the size and length of conductor, the total drop depends 
largely on the class of load, and the power factor of the system is 
of great import (see also p 100) 

Distribution losses may be divided into 

Line losses 

Transformer losses 

Secondary mam losses 

Service conductor losses 

Meter losses and errors 

Leakage losses and unaccounted-for losses 

These losses can be divided into loss of energy and loss of power 
at full load The total energy loss consists of a loss independent 
of the amount of load, and includes core loss of transformers, the 
core loss excitation, loss in shunt coils of meters, and the loss 
proportional to the square of the current (I^), including the copper 
losses of the transformers and the circmts, etc For a lighting 
system, the full-load losses m the distribution system (including 
primary feeders, primary mains, transformers, secondary mams, 
service wires, and meters) may be as much as 16 per cent of the 
power generated, and the daily energy loss about one-third of 
the energy generated, which would show an energy efficiency of 
about two-thirds, while the power capacity efficiency would, on 
these figures, show 84 per cent. These efficiencies, as also the 
efficiencies of any particular system of distribution, are gauged 
by the relative values of 

Load factor, 

Power factor. 

Shape of load curve,. 

Relation of transformer capacity to maximum load; 
Diversity factor, etc 

For any distribution system or circuit (whether underground 
or overhead) an important problem is that of permissible voltage 
drop, and the question of the most economical size of conductor 
for some cases becomes somewhat complicated, for the reason 
that the load which the cable or hne has to carry is fixed by influ- 
ences beyond the control of the designer, and all he can do is to 
provide a size to properly deal with the load Once a line is put 
up, the endeavour usually is to load it up to its most economical 
loading. In distribution work, rarely is a size of cable or hne put 
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up to carry the total current at tlie moment of its inst.allation — 
it IS put up with a view to a growing load 

For most lines — ^rural lines in particular — th<' mosi, economic 
conductor section for a givcm load and loss is 
the object sought Tliat is to sa v , tiu' (‘conomic 
conductor section for any giv(m systiun means 
that for equal voltage strain to earth the size 
and weight of conductor is l(\ss for (a|nal de- 
livered load and loss, and therelore hne-sn[)poits 
can be less in size and iveight The tv\o most 
economic systems are tlu^ singh^-phasi^ 3- wire 
with earthed neutral, and tlu^ three-jihase 4-wire 
with earthed neutral h\)r a. iKuitraJ conductor 
of, say, 60 per cent the size of the out('rs, tlic 
three-phase 4-wije system has t.lu* adva.ni,agc 
of usefulness over the single-jihasi^ 3-vvn(‘ Foj; 
equal voltage from any liiu^ conductor to mnitral, 
the three-phase 4-wirc system p<u*mits of a 
smaller size of lino (outer) conductors lor eipial 
percentage voltage droj) tlian tlu^ single-phase 
3-wire system The singh^ pfiase 2-\vire a.nd the 
three-phase 3- wire systems for <M|Ucd voltage 
strain to earth cannot Ix^ eom|)ared from an 
economic standpoint l^iken in their or<Ier ot 
importance, the three most e(*onomie distrihu- 
Fig. 7— Showing a 3- tion systems are 

(1) The three-phase 4- Wire earthed neutral 
tmuous earthed guard As compared With (2), this system has ^iraotieally 
^3 equal total sectional are.i of eondnetor, Inii the 

Foibettersemoeaiid advantages of one less conductor (sei* p 202) 
k^A^^capam^"for (^) The two-phasc 5-wire eaitliod luniti-al 
equal voltage stress to As Compared With (3), this system enjoys the 
^e)tode^^i^ polyphase advantages, also, as compared with 
oentage vol^ drop, (1), slightly less total scctional area of con- 
ductor IS required, but considering all things 
it can he classed as second in importance 

(see p 202) 

(3) The smgle-phase 3-wire earthed neutral This system 
requires shghtly more total sectional area of conductor than (]), 
but has the advantage of one less conductor, it lacks the advan- 
tages of a polyphase system 

For each system the earthed neutral wire may or may not be 
earned on insulators Where wooden poles are used, the writer 
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very strongly recommends the retention of all possible insulation 
of the wood QjoZe+cjosearm+pin), as this practice ehmmates or 
decreases bird trouble, and it increases the flash-over value by a 
very large percentage above present practice m this country, and 
it also gives a better operating Ime 

As regal ds the different systems, broadly speaking, the direct* 
current system is best apphed to densely loaded busmess and 
commercial zones of a town or city, but the low pressure at which 
direct-current circuits must be run hmits the use of direct current to 
districts where the load is very much concentrated, hence, it is 
not discussed here 

The direct-current distribution system is simple and rehable, 
but economic and other requirements have long shown a necessity 
for the use of alternating-current distribution for wide and scattered 
loads, which fundamentally apphes to supply by means of overhead 
lines 

Alternating-current distribution has the advantage over direct 
current, as transformer sub-stations or pole-stations are cheap 
(much cheaper and simpler and more efficient), and their use for 
hghting adds less to the cost per kW.H , and the alternating-current 
system is better and more economical where the load is scattered 
and relatively hght, as in most rural areas We thus have the 
most ideal distribution system, which permits of different voltages 
and loads to be tapped at any pomt, and permits the addition 
of supply feeders at various most suitable pomts, as determined 
by the particular distribution of (and/or) the load 

With reference to the primary systems, we have a choice of 
loop or radial feeders , the former feeders lead out from the station, 
describe a loop (as it were), and return again to the station. Loop 
feeders are usually provided with overload protection on each 
end where connected to station bus, and, m addition, station 
curomt-breakers are usually installed on each side of the points 
where taps to transformer installations are made in the load area, 
these are actuated by pilot wire or relay equipment so as to isolate 
automatically a faulty section between any two protection pomts, 
allowing the remamder of the loop to continue in service. Loop 
feeders are usually employed where the secondary network is 
omitted, or consists prmcipally of ties between load pomts On 
the 132, 000- volt hnes of the Central Electricity Board this method 
IS bemg adopted Loop feeders have the advantage of a mimmum 
sacnflce of feeder and transformer capacity dunng trouble on one 
section of a feeder, but require primary circuit-breakers When 
the secondary is m the form of a network, protection on the 
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secondary side of transformers is necessary to prevent feed-back 
from the network through other transformers in ease of trouble 
on a transformer or the feeder section 

As regards radial feeders, these arc led out from the station 
to the load area where they may branch out iurther, tlu'y do not 
normally have primary connection with any oih(“r teeclc'r, although 
tie-switches are sometimes required for eineigeney eonneetions 
to ad]oimng feeders Radial feedeis arc usually protectiul by 
overload circuit-breakers at the station, and may have simple 
forms of protection on the branches in the lo.id arc.i Inter- 
connected (interlaced) or paralleled radial leediMs art* used for 
supplying extensive low- voltage networks, they possess the 
advantage of simplicity and rohability in the isolation of tiouble 
as well as ease of compensated voltage And, in order to 
provide for service continuity on the sccontlary network in case 
of trouble in the pnmary, it is the practice to parallel or interlace 
two or more feeders, so that at least every alternate transformer 
can be fed from a different feeder The amount of intorconneetion 
(interlacing) depends on the density and arrangenuuii of lo.id 

Without question, the a c. distribution systems are the most 
suited to rural areas and for isolated and widely-scattered loads 
Distribution for such areas might bo arranged to have several 
pnmary feeds in parallel with a portion of the transformers having 
their h p windings connected to but one of the fectls, while the 
1 p windings of all the transformers are connected to the secondary 
network, this of course depends on whether the area is a sufficiently 
satisfactory one from the undertakers’ standpoint The pnmary 
feeders would be connected radially in certain instances, while in 
other differently shaped load areas, or under other local conditions, 
the loop system would be used 

The simpler radial system may consist of duplicate feeders direct 
from the generating station (h p or e h.p.) sub-station, to each 
sub-station, equipped with time-limit overloads at the former or 
source end, and reverse power relays at the latter or receiver sub- 
station end This hmits the nsk of interruptions to the sub- 
station fed by the faulty feeder, but, owing to defects in protection 
arrangements, it would not ensure complete continuity of supply 
The more compheated interconnected (interlaced or paralleled) 
radial system is one in which all the mains and sub-stations are 
connected together, thus, dupheate supply can be given to the 
economical method of nng mains This is the method now 
commonly used m underground distribution in this country, and 
referred to as correct practice For such a system to operate 
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satisfactorily, it is essential that each section be so protected that 
a faulty section is isolated instantaneously without serious shook 
to the rest of the system and without disconnectmg other circmts. 
The leading manufacturers make and supply the desired protective 
gear and apparatus , their methods of operation need not be men- 
tioned here, as they have been discussed repeatedly in makers’ and 
current hterature The above also includes pilot wire schemes 

In deahng with an extensive area, 11,000 to 33,000 volts will 
be chosen These main hnes will pass through or near villages, 
and local supphes wiU be taken off and the voltage stepped down 
for local rural hnes, which may be single-phase or the combination 
three-phase 4-wire for power and light The rural distribution 
system may be anythmg from 400 to 11,000 volts, depending on 
the size of, and load m, the district In certain cases the 132,000- 
volt mam transmission line may be tapped for 33,000-volt main 
distribution purposes — this does not mvolve any special knowledge 
or practice 

For three-phase distribution, in the case of h p not exceeding 
3300 volts between phases, the methods adopted are, in general, 
similar to those for 1 p , with the exception that each individual 
supply IS usually controlled by an automatic oil-switch equipped 
with an instantaneous protective trippmg device m addition to 
overload protection In low- or medium-pressure distribution, 
the maximum pressure between any pair of conductors does not 
m general practice normally exceed 440 volts, and they are used 
for general distribution to the smaller consumers for small motor 
installations up to about 100 H P 

Due to the growth of electnc supply undertakmgs, for some 
years past the tendency has been to supply from sub-stations, 
which are themselves supphed from a more extensive high- or 
extra high-pressure network This presents an important influence 
on distribution design as, withm hunts, the number of sub-stations 
(transformer pomts) can be easily mcreased , this can also be done 
without the necessity of putting up more hnes or circmts, and the 
maximum distance of feed can also be kept sufficiently low to 
enable the hne or circuits to be run at their most economical load- 
ing As there is practically no limit to the number of transformer 
stations which can be mstalled, the secondary (1 p ) network need 
not necessarily be extensive, and the network can be of the simplest 
type, and it may require but one or two sizes of conductor practic- 
ally throughout which would also facihtate subdivision a<s the 
load grows , a 0 06 sq. in copper cable would be probably the 
smallest size for a mam. 
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In the case of secondary systems whoi-c both power and Jif,diting 
loads are present m considerable quantity, find both wi'll distributed 
over the area, the necessity of a polyphase second.! ly (i»retcrably 
three-phase 4-wire) mam for both services is obvious bee.uiso of 
its advantages over two separate systems oi mremts Some of 
the advantages are 

Reduction in total sectional aie.i of eonduetor neeiwsaty. 
Reduction in number of conductors, insulators, and lino 
materials, 

Reduction in the sine of line-support. 

Reduction in number of transformeis, cut-outs, etc , 
Reduction in total transtoimer c.ip.icity on account of 
diversity between loads. 

Reduction in number of service wires to consumers, 

Neater and better-looltmg lino. 

Obtain better diversity between power and lighting loads. 
Can give single-phase and polyphase seivice to all con- 
sumers from one polyphase circuit. 

In the transmission of energy iii bulk, three-phase is more 
economical and more useful than smglo-phase , this Ixung the chief 
reason why it is so universally used b’or lighting, ordinary 
domestic heating in general, and for relatively small motors, the 
single-phase distribution is economical and efficient, uiul trans- 
formers and switch-gear are cheaper The great economy in 
conductor has lead to the use of the three-phase system instead 
of the 2-wire system for low-pressure circuits, excejit whore a 
relatively small amount of power is to bo transmitted, or the 
receiver voltage is greater than 230 volts for lighting. The distance 
to which power can be transmitted with the same loss, same 
receiver voltage, and same weight of conductors, is iucroasod 
62 6 per cent by the use of a three-phase system with the neutral 
of the same size as the outside conductors, ''fhe increased 
distance to which power can be transmitted from a transformer 
with a 3-wire secondary as compared with one having a 2-wire 
secondary and the same receiver voltage, usually malcos it possible 
to connect all the consumers in the area of two or three street- 
blocks (assummg a residential area) to one transformer, with a 
reduction in the transformer capacity to less than one-half what 
it would be if each consumer were supphed with a separate trans- 
former. It is advisable, where possible, to interconnect tho 
secondary circuits of the adjacent transformers, so that they will 
aid each other when the maximum load does not come on trans- 
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formers at the same time, when this practice is followed, the 
secondary of each transformer should be fused (see also p 196^ 
For a 3- wire single-phase system it is important that the load 
be divided almost equally between the two sides of the system 
at all times, as the regulation of each side is dependent upon the 
load on the other If the two sides were equally loaded and the 
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Fia 8 — Showing 11,000 volt pnmaiy distnbution line with joint occupancy , (A) and (B) 
for straight line, and (C) for street comer 


load should be thrown ofE one side, the voltage on the other side 
may fall an amount equal to the difference between the supply 
voltage and the receiver voltage when the load was equal on the 
two sides, and perhaps rise to almost twice this amount on the side 
from which the load was removed The load is usually kept 
balanced within 10 per cent , which can be accomphshed by wiring 
each consumer’s premises on the single-phase 3-wire system and 
distributing the load as equally as possible The centre point of 
the transformer winding should preferably be permanently earthed, 
thereby reducing the voltage from outer conductor to earth to 
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50 per cent that between the two outers, and in st) doing placing 
single-phase transmission almost on a par with three-])luise in 
the matter of economy of coiuluctois It is necessary to note 
that, when the secondary winding is pio^viUj inti'ilaeed. oO per 
cent unbalance load can l)o taken from tlu‘ nnddle i('ud and either 
side lead without causing senous unbalance ot voltage 

For simplicity ot system outlay, and best svsUnn voltage 
balance, etc the three-phase 4-wiie secondary s;\st(nn, with single- 
phase load star connected on all three phases, has .ulv<intages over 
all other systems or schomos Tins usually einplo\s three-fihase 
transfoimer installations on which the load <uid t in* voltage can 
be very closely balanced, and balance on the piinmiy teeders 
follows Four-wiic socondaiy is used Some oi the advantages 
of this system arise from the tact that the voltage to neutral, on 
which the single-phase load is carried, is 57 7 pen cemt of the 
three-phase voltage botwocn phases, hut <iny two singli*-])hase 
voltages are not in phase, and therefore^ reepiire tvv<> single-phase 
or one polyphase meter whoio a U-wire service is r('!<jmr(*(l, and is 
tapped across any two ot the three phases* Kor <listulmtnig at 
primary and secondary voltages, the three-phase 4-wire system 
IS the best one to adopt, because it tubils jiractically all the nnpuro- 
ments of a distribution system, such as 

Reliability 

Safety 

Economy of line-support and underground duct space. 

It provides the greatest capacity for a given investment. 

It can be adopted to meet all of the conditions of central 
station service, so that load of any charact(*r may be attached 
to a single distributing system, allowing it to enjoy all the 
advantages of diversity factor 

Low operating and maintenance costs 
It can start out of any district (rural or urban not yot 
served) as a single-phase 2- wire (or 3- wire) system, since it is 
capable of supplying domestic consumers and street lighting 
with all the investment of a permanent character, and later, 
when the load increases sufficiently, two (or one) more con- 
ductors may be added to care for the load as the territory is 
developed, thus enabling a common system to serve an entire 
district or area irrespective of the character of load 

The three-phase 4- wire system makes use of a neutral conductor 
which serves the same purpose as the neutral of the single-phase 
system, and carries no current as long as the load is balanced among 
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tlie phases The hne voltage can be 173 per cent that of the three- 
phase 3- wire system, which accounts for the decrease in the weight, 
of the conductors It is the cheapest system to install and is' 
largely used in miUs and works where the load consists principally 
of three-phase motors, for, by using 230 volts for lighting and 
400 volts for motors, the advantages of a high-motor voltage can 
be obtained without the use of other transformers for the hghtmg 
load, and single-phase 3-wire advantages can be obtained for 
lighting The same system may be used for the primary distribu- 
tion circuits without introducing much more comphcation than 
the three-phase 3- wire system requires (see fig 32). 

In some cases it is necessary to change from delta to star- 
connection of the transformers In this way we may raise the 
distribution voltage and retain the same transformers and con- 
sumers’ installations, including eqmpment, etc by earthing the 
neutral, and by running a fourth conductor and connecting the 
transformer between neutral and the hne conductors mstead of 
between hne conductors. In this way existing circuits can be 
operated at 73 per cent, higher voltage, using the same trans- 
former, and m some instances the same hne insulators If the 
voltage is higher than 11,000 volts, transformer failure may occur 
— ^the determimng factor in this respect is the kind of construction 
used and the degree to which the earthing of the neutral approaches 
a dead earth throughout (see p 200) Also, as the maximum 
possible short-circuit kVA in a hne increases as the square of the 
voltage (E^), the rupturing capacity of the fuses and circuit- 
breakers requires careful consideration By adopting the kind of 
construction proposed, there is no necessity to change the insulators. 

As a substitute, where single-phase transformers are used in 
place of a three-phase unit, we may operate on two of the three 
phases and the neutral Such a connection (star 4- wire one side 
and open delta other side) wiU give satisfactory service for the 
operation of three-phase induction motors of any size, but the 
total capacity of the two transformers is now only 86 6 per cent, 
of their true rated capacity The effective rating of the two 
transformers is but 57 per cent of the total ongiual rating Due 
to the unbalanced impedances, the voltage drop is unsymmetncal, 
and wiU cause a shght unbalance m the full-load voltages This 
connection is a good substitute and is a desirable connection in 
many cases, as the cost of a two-transformer installation is less 
than a three transformer, and it is sometimes necessary to use it 
temporarily in case of bum-out of a phase umt, and where another 
single-phase transformer is not available at the time (see fig. 32) 
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In making calculations toi deienninmg stresses in the line 
supports where conditions as to height, length el sp.ui, loading, etc 
are fairly umiorm, it is usually unnecessai v to ealculaie^ each s])an 
separately in older to obtain results which <iio as nearly as evaot 
as tho vaiious aasuni])tions which must Ik* made* 'I'his is also 
evident from the fact that the tensions in the eoncliictois throiighoiit 
the length of a wood-])ole line tend to e(|ii,vliso themselves when 
they are installed, and for such eonditions it is c-onsideied suffi- 
ciently accurate to employ an average span as tlu’ h.isis for strength 
calculations 

The factor of safety tor (rctl lir) wood poles is spoeihod as II 5 
at the present time — it was previously Id 0 'I’his appaient l.irge 
difference is not so gioat as might he I'vpeeted at (irst sight, 
nevertheless, if it he of a Ji led miliw. (and it is) for all districts and 
all places (locations) and all grades of lines (h t , e h t , 1 t , insigni- 
ficant as well as very important lines), then thiTo is something 
wrong somewhere However, lot us take an example for tlio 
purpose of showing how the size of a pole is aik'eted by a change 
m the factor of safety, F Take tho example given on p 85 and 
assume that a factor of safety, F, of .‘1 5 lias alre.uly lii'cn allowed, 
then, total bending momont is I75,00(l/.‘l 5 50,000 It -lb , which 

represents the actual calculated ligines lienee, lor dilleient 
factors of safety which are, and which have been, in use, we olitdin 
the following lelations 
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(M) 

(d) 

III (d) 

10-0 

500,000 

10 75 inclios. 
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70 
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60 

300,000 
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50 
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U2 

35 

176,000 

14 00 „ 
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2-0 

100,000 

11-50 „ 

82 „ 

10 

50,000 

9 25 „ 

06 


Thus, by doubhng the factor of safety we increase tho diameter, 
d, of a pole 25 per cent , that is, for F==3'5 wo have d— 14*0, and 
for F=7 0, we have 

14*0-f25 per cent =14 0-|-3 5 = 17 6 in 

In attemptmg to arrive at a proper value for tho ultimate 
strength of wood m poles, numerous experiments have been made 
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from time to time From the information available the maximum 
fibre stress is given to us, but the allowable fibre stress is varied at 
different times, which still indicates lack of knowledge Obviously, 
a figure somewhat lower than the average value of the breaking 
strength for a given timber and kind of pole is taken in order to 
ensure that the very large majority of poles come within the 
assumed average strength when divided by the factor of safety 
we are to use 

For distribution work in particular, many hnes do not require 
at the time of their construction a particularly heavy grade of 
construction, but owing to expectation of added conductor or 
circuits they are, or should be, designed to conform to known 
or anticipated future requirements If not provided for, the line 
will be expensive to rebuild to meet the requirements of additions 
to be made, and therefore distribution hnes should be originally 
constructed to meet the requirements of the future, not solely for 
the present 

Calculations of stresses are made on the assumption that there 
is no deflection of the supports With wood poles deflections do 
occur, and they tend to reheve local strains and distribute the 
load more umformly, the conductors themselves also exert an 
important influence in distributing the load along the line by 
facihtatmg the support of the weaker by the stronger poles In 
wood-pole hnes each pole assists materially in supporting those 
adjacent to it, for the reason that the conductors themselves act 
as stays after the pole has deflected to a certain extent This 
principle can be utilised in wood-pole lines subjected to heavy 
gusts of wind which are not umformly distributed over the length 
of line A longitudinal stay at such places helps to stiffen the 
line and distribute local loads oyer several poles. Due to the 
greater flexibility of a wood-pole line it will be subjected to much 
less ice and snow accumulation than a lattice steel-pole Ime, hence 
the loading conditions for wood-pole hnes should be hghter (less) 
than steel-pole lines, i e yV-m ice for the former and J-m ice for 
the latter This is due to changing temperature, etc and relatively 
shorter spans and greater movement of the conductors, etc of the 
wood-pole line 

The strength of wood poles should be based on ground-line 
diameter, because when a pole is flrst installed it should have much 
excess strength, but the ground-hne soon becomes (through decay) 
the weakest section of the pole, or the point where failure is most 
likely to occur Where poles have slight tapers the weakest section 
IS always near the ground-hne, while for poles havmg excessive 
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tapers the weakest section is initially «it sonu' <li.sl«in(‘e above the 
ground-line Nevertheless, the ground-lini' stndion should always 
he taken as the weakest section of a pole 

As regards the stiongtb of steel ])oles and sti u<*t-iir(‘s, tlio allow- 
able stress for tension, based on the ultimate sti<*ngtli and idastic 
limit, are not given in this country T\w tensili* stnsss is n^latively 
of little importance in the design of steel struet.uiws, Ix^eauso the 
important members, including the legs, ait^ sulijind to either com- 
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Fia 8a — Showing methods of construction and taking 90® angle for high voltage 8-phase, 
and low- voltage single-phase lines. 

pression or tension, according to the circuinstaiujcs, and when 
properly designed for compression will invariably bo found suffi- 
ciently strong in tension Steel and iron parts aro subjoet to 
deterioration unless properly protected by galvanisitig or some 
other equally effective treatment/ or unless a good coat of graphite 
or other weatherproof paint is maintained. Extra thickness is 
prescribed for painted members as compared with galvanised 
members, and is justified on the ground that painted stool deterior- 
ates, more especially m places where the sulphur from coal smoke 
has a particularly injurious effect. 

The attachment of an uninsulated stay to a wooden xiole has 

» See Metal Sprayrmg, by T H Turner and W. P Budgen. Jjondon • C GnflSn 
& Go., Ltd , 42 Drury Lane, WO. 2 
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the effect of brmgmg the earth up the pole and reducing the length 
of the wood pole, which may be depended upon for valuable in~ 
sulatton Such stays are also a danger to hnemen, just as much 
as is the continuous earthed guard wire, for they may come directly 
into contact with them and a hve conductor at the same time 
Smtable msulators, properly located, should be installed in the 
stay to afford protection to the pole, to the hneman, and to the 
pedestrian (see p 62) Where secondary mams only are strung 
there is a necessity from the insulation view-pomt for mstalhng 
insulators in stays It is the general custom to mstall stay- 
insulators on Imes where the voltages range from between about 
240 to 20,000 volts On wood poles they should be installed for 
voltages at and lower than 240 volts because of retaimng the 
insulation of the wood, and because it is around this voltage that 
the greatest benefits, etc are derived They are not (but should 
be) mstalled in stays on Imes operatmg at voltages over 20,000 
volts , they have not been installed because, with present practice, 
they have not been given proper mamtenance, and the more 
dependable alternative has been to earth the stays thoroughly 
(see p 165) The stay insulator should be somewhat stronger 
than the stay, because a stay with a thimble may be used which 
will distribute the mechanical stresses m'the insulator in a way 
differmg from that for which it was designed, and this might 
cause its failure, if so, it should have a clearance from ground 
of at least 8 ft after it has dropped vertically. If a stay is attached 
to a pole, such as a wood pole of the smaller size (hght-weight 
class) capable of considerable deflection, the stay is likely to 
fail before the pole could deflect enough to take any or much 
of the load, and thus should be strong enough to take the total 
load imposed upon the pole All stays when installed properly 
are under mitial stress, and may fail before stretching enough to 
put much load on the wood poles , hence, the strength of a pole 
may not aid a stay, so that the stay must take the total load or it 
may be ineffective Thimbles should be used on stays when 
they are attached to anchor rods, for by so doing the pomt of 
apphcation of the load can be distnbuted m the conductor Stays 
should be prevented from cutting mto the wood or shppmg, and 
thus slacking the stay and causmg it to become ineffective (see 
fig 24) 

If more attention were given to the right kind of ground for a 
stay-anchor, so that it is effectively earthed, there would be less 
trouble from leakage current over the stays, that is to say, there 
would be less danger from shocks The neutral conductor may 
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be used for earthing the stays In .uhlition to a. low rosistauco, 
the stay cable (commonly called ‘ wire, which is .ui mnor, as a 
stay should always be stranded) should have a sta,N -insulator. 
The approximate dry llash-ovi'r voltage ol a st.iy-iiisiilator for 
different voltage lines is 


Noimiil Ijjho Vollftjso 

AJihuiiiiiii Oiv M. 
Ill Itisul. 

132,{»()0 

200,000 

110,000 

1. ■>0,000 

60,000 

100,000 

33,000 

no , 000 

22,000 

:i.'),ooo 

11,000 

20,000 

0600 

in.ooo 

3300 

10,000 

400 

3,300 


The function of any insulator is to prevent a loss of em'rgy by 
conduction between conductors and from conductor and ('arth, 
and also to act as a good inccharncal support.. Its inanufacturo 
has little concern for the o])orating engiiu'cr, his ehu'f attention, 
centres around its effectiveness in servici* and its operating char- 
actenstics In practice the insulator has imposed upon it a. require- 
ment of rehabihty and continuous service that no other element of 
the transmission and distnbution system has t.o meet, and the 
ohmatic conchtions, the construction, a.nd the safet.,y standards 
of this country are very hard on insulation 

Many failures have been duo to mocbanieal st.resses set up by 
the unequal expansion of the various elements of the. unit, and 
experience has shown that insulators in service, and m certain 
distnets in particular, may fail on account of tin* grmit variations 
in the atmospheric temperature, which cause minute cracks to 
appear in the porcelain, and ultimately cause the failure of the 
insulator, many failures are due to the kind of construction In 
practice it has also been found that many pin-typo insulators 
faded because the insulator had been screwed down too tightly 
on the pin, so that expansion and contraction finally split the 
insulator Lme fadures and depreciation of insulators can also 
be traced to improper hne location Excluding the effects of 
construction standards such as shown in fig 7, in so far as concerns 
the location and its effect on the insulation, the rate of depreciation 
for a given working voltage and system will, as a general rule, 
be somewhat m the following order. 
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The highest where the line is located along the sea coast, 
in or very near certain chemical or cement works, and in 
railway yards, etc , 

The next will be in hilly districts, in high altitudes, also 
where soot, smoke, fog, dirt, and cement dust are prevalent, 
and 

Least where the hne crosses cultivated territory and sub- 
jected to clear and clean atmosphere 



Pig 9 — 66,000-volt wood-pole line construction, showing method at dead-end or anchor 
support (using three poles) , method of insulating the stay-wires, and method of 
transposing the telephone line, usmg 6600-volt insulators Each stay insulator is 
approximately 22,0001b strength, and subjected to a dry flash-over voltage of 65,000 


The maximum stress acts on the conductor at the insulator 
when the temperature is a mimmum, and when at the same time the 
conductor is carrying its maximum load This maximum stress 
usually occurs when the insulation value of the construction (with 
continual wet weather, and continuous earthed wire, earthed pm, 
earthed arm, earthed pole, etc ) is at its lowest , this is always so 
with the present practice of this country Independent of the 
size, form, and mass of porcelain, hne insulation can be increased 
in several ways, some of which are 

A 
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By employing the insulaior best suited to tlu' particular 
climate and atinosiibeie, 

Having the iiolos travi'me .i route olleiing bigh-oarth 
resistance, with clean <itinos])h<‘r<‘. 

Employing sup]iorts olleriug high lesistance in theinselvoa, 
Following the pime I pie oi keeping a inodi'rati* height, avoid- 
ing known lightning ])aths, and lv(>epnig aw.iy I'roin iron and 
other metallic surface do])osit.s and lorniations , 

Not taking the caith u]) to the insul.itoi pin or up, and 
in contact with, the poll' at all , 

Employing the horizontal arrangement ol eonduetois. 
Choosing a moan length of span, and, in lightning aicas, 
avoiding long spans in ordei to kei'p the eondiietors low, 
Properly earthing the neutral point, ot the system. 

If an overhead oa.ith-wir(' is used (a {iraetiei' not in the 
ordinary way recommended hy the author lor wood-pole con- 
struction, unless according to tig (i), insulate it. from the poles 

Most line troubles which have been attrihut.ed to electrical 
disturbances wore actually duo to faulty line insiilntion Line 
insulators arc required to withstand a meeli.imeni stiess equal to at 
least the elastic hmit of the conductor whi'ii eiei’ted in any direction 
m a plane perpendicular to the axis of the pin. 'riioy should be 
chosen to withstand 

The total wind pressure acting on the conductor, and any 
other transverse force produced hy a ohange m direction of 
the hne. 

The total weight of conductor, including vortical wind 
pressure and ice-loads . 

The longitudinal stress occasioned hy the breaking of the 
conductor. 

Pole-ta a. extensions have proved very oiTective Jf the pole 
IS strong enough, pole-top extensions may permit grt'ater lengtli of 
span and a saving in insulators and thoir hazards. And, for a 
three-phase circuit, where sufficient height can ho obtainod by 
placing the top msulator well above the top of the polo, tho con- 
struction IS simphfied and the electrical charaotonstics unproved 

Based simply on a common-sense princii>lo, there should be a 
general practice requmng that 

High-pressure conductors be placed above medium- and 
low-pressure conductors , or 

High-pressure conductors be placed on a level (when 
approved) with medium-pressure conductors. 
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And 

Extra high-pressure conductors be placed above high- 
pressure conductors , or 

Extra high-pressure conductors be placed on a level (when 
approved) with high-pressure conductors, 

Medium- and low-pressure conductors might be placed on 
a level with extra high-pressure conductors, but never above. 

Telephone and telegraph wires not to be placed above, nor 
on a level with, high-pressure and extra high-pressure con- 
ductors 

With respect to the arrangement of conductors on the poles, 
the following methods mentioned indicate ordinary common-sense 
principles 

Have the heaviest conductors placed on the lowest cross- 
arms in order to reduce the bending stress on the pole to a 
minimum (see p 54) , 

Place the heaviest conductors on the pins next to the pole 
in order to reduce the bending stress on the crossarm to a 
minimum , 

Arrange the conductors of each circuit as close together 
as practicable (on adjacent pins), in order to reduce the self- 
induction of the circuit, 

^Arrange the conductors of different circuits as far apart 
as practicable in order to reduce their mutual-induction, 

<^Have the highest voltage circuits placed on the topmost 
arm and on the pins farmost from the pole in order to reduce 
the danger to linemen, etc , 

Arrange the circuits or conductors as symmetrically as 
practicable on the two sides of the pole, especially those 
which end at the pole, in order to reduce the twisting stress 
on the pole to a minimum , 

Have the arrangement of conductors symmetrical through- 
out — ^this IS essential for safe and economical operation, also 
for neatness , 

Have the secondary main on the lower crossarms or on 
racks, in order to reduce danger of accidental crossings, etc • 

For a three-phase 3-wire circuit, and for best electrical 
performance, arrange conductors in the form of an equilateral 
triangle in order to render the inductances practically equal 

At crossings such as highways and railways, conditions usually 
alter the method of construction The various methods available 
for such crossings are 
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Use extia, eross.irins, aiul 

Insulators in senes oi in ii.ir.illel, oi both. 

Use strong sti am insulators, ainl/oi 
Employ sliorti'r s])ans , 

Uso double ])olo-(iKtuH‘s , and/or 
Uso stronger jiolos or Iraines, and/or 
Uso extra high ])oles , 

Employ guard wires, prelerahl^ ol a simpli' form, or 
Employ double whom (eoiiduetois) with messenger eablc; 
In special cases use earthed net wot Iv of iron, ami 
In s})ecial eases use truss brnlgo aeioss railway tiaets, 

In general, place teU'giaph or tel(>|)hone lines umleiground 
(in every ease place them below power eomliu tois) , and 
Employ guard wires over teh'graph or teli'plione lines. 
Employ higher strength coiiduetors; and or 
Make uso of slack sjian and dead-mids 

By placing primary conductors at one sid(> (om* end) of the 
crossarm, and the secondary condiietors at the other end of the 
same crossarm, it is iiossible to use a pole of sevtu-al feet loss in 
height (in overall length) than would bi' iioei^ssary if piiinary 
conductors wore placed above the si'condary eomliiet.ors Aiiait 
from this, safer construction is jirovidiul in that tiu* primary con- 
ductors would not, should they fall, eoine into eontai-t with the 
secondary conductors 

It IS desirable from the standpoint of the linemen, and in order 
to get better and more rapid work in times of line troiibh*, to have 
the circuits of higher voltage on a polo at tho high<*st level, and 
where there are circuits of a number of dilTeront voltagi's on a })olo, 
to arrange them in order of voltage with the highest voltage at 
the top The lowest voltage circnit will usually bo worked on 
more frequently than the circuits of higher voltagi's, and the 
construction should be such as will poiinit work witboiit coming 
mto proximity with the high-voltage conductors, and also nec(‘ssitate 
less climbing It is much safer to climb througfi conductors 
operating at low voltages to work on the higli-voltagi' conductors 
than vice versa Tho advantages of having the liighm* above the 
lesser voltage hues should be evident to all engineers 

In the stnnging of secondary conduotors tho Following pre- 
cautions should be observed 

They may be located on crossarm, or on racks below the 
lowest am carrying the primary conduotors; the wooden 
arm provides a better insulated line , 
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Conductors of the same circuit may be carried on adjacent 
pins (where used), and so located that when service-loops are 
run, the crossing of the pole may be avoided as much as 
possible , 

When running mains w'heie theie is a piobability of a 
change in the system recjuinng additional conductors (such 
as that of developing a new area), it is desirable to so locate 
the conductors that vacant pins will be left w’hich will permit 
of the running of the additional conductors without disturbing 
the existing circuit or circmts , 

When running single-phase 2-wire mams, the conductors 
may be placed on the two end pins on the side nearer the 
greatest number of consumers , 

When running a single-phase 3-wire main, the conductors 
may be placed on the three end pins nearer the greater number 
of consumers, with the neutral conductor either on the outside 
or in the centre , 

When running a three-phase 3-wire mam, the conductors 
may be placed on the three end pins nearer the greatest 
number of consumers , 

When runmng a three-phase 4- wire circuit, the conductors 
may be placed on the four end pins nearest the greatest 
number of consumers, with the neutral conductor on the 
outside for simphcity for taps and as a protective measure 
m case of a broken primary conductor In this way the 
neutral conductor may be a better guard than that where the 
top conductor of the secondary rack arrangement is the 
neutral The neutral may be earned on the road side or on 
the tree side as found best 

Back construction has its best field of usefulness m residence- 
lighting districts where line construction, consisting of a few wires, 
must be the simplest Where both hght and power seoondanes 
are necessary, there is no advantage over crossarm construction 
as, apart from the resulting decrease in insulation, climbing space 
IS taken up, also other important matters are involved, especially 
at corners 

Because of lack of vertical space on a pole (or the necessity 
for stringing additional conductors) it may be impossible to put 
up more crossarms, and at the same time provide proper separation 
vertically between conductors of the same size, or of different 
classifications of construction or/and voltages Conductors of 
different sizes have different sags on the same supports, but the 
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smaller conductors will liiivi' ahout tlii' saint' ultiiualt' s<ig under 
full icc-load whether initi.illv sl.niiif> wilh tht' Miiall sai* or not, 
while the laii'cr coiuluetors will iiieit'aM' IJit'ir sat-s eomparatively 
little with the Kto-load a.iid wind 'I’ht'iehtre, lar^i'i .sajfs lot large 
conductors can he allowed (nrt'att'i lhan would hi' nt'eessary if 
their strengths alone were eoiiMth'it'd) in ordt'i I hat tht' smaller 
conductors if -[ilaced ahovo them, as is stnnetimes done, can be 
given suificientlY large initial sags (o kt'ep inodt'ratt' the variation 
of sag iindoi ineioased load VVht'n' heav> feeth'is .irt' run on the 
same poles with other eondiietois, tlii'v should int'lt'r.ihl v oeeupy 
the lower crossaiin, heeaiise an eveessue sag vill not letluce but 
rather luciease condiie-tor eh'.nanoes 

It IS good policy to have eondiietoi se|i, nations (h'peiid on 

Rack fo(il> 


Bolli 

tSloi 


Fig 10 —TyjKs ot iucKh ftn sotMHuitu s Imt"' 

voltage, sag, and size of cojidiictor h)i a giviMi coiKiuetor nujtal 
Separations and cloaranoos should be deU'iiuimul by tlu^ highest 
voltage concerned, tlii^i is evidcnit from the fa-<‘t tlmt hiizards 
depend somewhat on the voltage, and cleara.tiees should f)t» governed 
accordingly (see p Cl) 

It IS customary to install low-voltago s(H*ondary (‘omluctorH 
on racks attached directly to the ]>olos, ilu‘ wood arm is, of course, 
a better insulated line Such construction may fa<Mlita.tc the 
connection of services and of branches, and may simjilify the 
wiring on poles However, the climbing spa.c(* cannot be main- 
tained continually on one side of the pole It is thi^refort^ ncci^ssary 
to supply sufficient lateral working space both abov<‘ (between 
hp and Ip ) and below the racks to permit the lincnum to get 
around them Placing secondary mains on vcrtuail racks practic- 
ally cuts the climbing space in half, and, while such constriictjon 
provides comparatively simple methods for atta.(duum)t of service 
taps, it requires readjustment of other construction to avoid 
obstructing space for making repairs, and, unless made, this 
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method constitutes a hazard For a few conductors, rack con- 
struction IS recommended, but, where two or more circuits are 
involved, hberal clearances and space cannot often be given 
Restricted or reduced clearances greatly increase hazards 

Thus, in the place of crossarms we may make use of the rack 
construction This type of construction for secondary hnes has 
certain advantages, some of which are 

The neutral conductor can be placed on the top spool of 
the rack, to protect the lower conductors from a falling primary 
conductor, ^ 

It offers a vertical uniform system of distribution, 

It may offer a neater-looking appearance (see fig 10) 

To avoid certam possible trouble from these racks the con- 
ductors can be tied on the outside of the insulators, ^ e on the side 
away from the pole If the conductors are tied in this way, a 
loose conductor may fall free of the rack, and it may be supported 
by adjacent poles If racks are used for crossings, at angles, or 
where clearance is small, the mside tie would probably be desirable. 

Placing the neutral above the phase conductors may result m 
a more dangerous line, since the earthed neutral conductor has no 
benefit from the rise in temperature due to the current flow which 
the phase conductors have, it has relatively greater mechamcal 
overload as well as unequal and greater sag, assunung equal size 
of conductors, also, the tendency of ice-coating is to fall off the 
phase conductors first If the neutral conductor is placed above 
the phase conductors it should be given a slightly greater sag, or, 
failing this, due to restricted overhead clearance (see p 130), 
copper alloy conductor can with advantag€Lbe used for the neutral, 
because it is stronger and safer and requires less sag, etc 

The power-hne conductor (not a commumcation wire) is very 
rarely the weakest hnb , the tension in the conductor is not pro- 
portional to the total loading as is the case with its supports, % e 
the poles, insulators, and pms, which are more or less rigid 

Overhead conductors for low- and medium- voltage distribution 
hnes are generally covered with weatherproof double or triple 
braid Double braid is smtable for hne voltages of 600 maximum, 
and triple braid for voltages up to about 2500 The chief object 
of this covering is for the purpose of hunting the short-oircmt 
current due to an accidental cross or earthing Rubber covermgs 
are not generally used because of the expense, then* rapid deteriora- 
tion, and the impossibility of mamtaimng the insulation for very 
long Bare conductor is generally used on cirouits operating at 
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The Hi dio|) for . 1 . euiTciit. I. dopi'iids .ilinost, (Mitirely 

on the conductoi m.itorial, it« siw*, loiiMtli, and the (.einperature 
On the other hand, the IZ drop foi a fiiveii eiinent, I, depends 
not only on the Name eonditions l)ul. it \aiie.s with tlu* eonductor 
spacing and disposition, tlie syskMii liiMpiein anil the load power 
factor Of stilJ further iinpoit.i.ne(‘ is tlie |)ei( enlag(> voltage drop, 
which vanes inversely as the line voltage (K“) loi a. given load, 
distance, and size of eondnetoi , also, the si'ctional aiea of con- 
ductoi vanes inversely as foi a. given loa.d, distance, and loss 
And, foi constant (or tor unity) powei taet. 01 . and constant load 
(kW or kVA), the jiereentage voltage diop varii's invi'rsely as 
— ^that IS, e per cent - (l(>0,000l*Z)/K-* cos </» However, tor equal 
maximum voltage with reg.ird to caath (si'c p !>!»), apart from a 
Isnowledge of the amount ot eoppei r(‘<|uu(*d, we often ilesire to 
know the lelative kW load vv<> ean dc'livei over a. line This is 
given in Table 11 (sec page 5‘,)) 

The separation ol eondiietors is usually understood t.<> mean 
separation in a horizontal plane 'riu* niininiiini hori/.ontal separa- 
tion IS dependent upon tin* following eonditions 

The hno voltage , 

Disposition or arrangement ot eondiietors. 

Number of conduetois on tlu' pole, 

Kind of conductor metal , 

Whether polo, frame, or structure is use<l , 

Tyiio of frame or striicturo , 

Sag ot conductors, 

Length of span , 

The amount and direction ot wind tnken (or notr taken) 
as basis tor loading , 

Total loading require iiiimts; 

Type ot insulatoi used, 

Whether on straight hno, corner, ei ossing. t*te, , 

Whether at soa-lovcl or very high altitude , 

The system — whether oaithod 01 otherwise. 

(See also p 166 for horizontal versiin vortical arrangomonts.) 

Some of the more common conductor arrangements arc shown 
on page 60. 

(A) This arrangement pernuts of a longer s[»an botwoon lino 
supports, or of less spacing of the lino conductors tor equal span- 
length than with conductors arranged as shown in (()) or (D). It 
also has the advantage of mimmiim inductive reactance A 
greater distance may be used between conductors than for (E), 
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System 


Current in 


Sectional 
Area m 


Three-pliase — 

4- wire 

5- wire 
Quarter- 

phase ' — 

6- wire 

Two-phase — 

4- wire 

Single-phase — 

5- wir© 


. lOOOP 0 282Pi 

V3E VSIRi stt 7 

3E cos (fi E^6 cos ^ 

lOOOP 0 846PZ 

B VzlRt ^ JJJg, ggg ^ 

2B 2IRe 

4Eoos^ BVoos^ 

B 2IR« 0 846K 

2E cos ^ EV cos ^ 


lOOOP 
2E cos (ft 
lOOOP 
E cos <l> 


0 423P? 
E®e' cos (j) 

1 690P? 
We' cos (j) 


Impedance 

Volts 

Voltage 

Drop 

be- 

tween 

Phases 

Total 
Volts 
Drop m 
per Cent 

Vzjzt 

IZf 

Vzm 

E 

2m 


2m 


sm 


2m 



Kilowatts 

Trans- 

mitted 


3EI cos ^ 
_1000 
a/SEI cos ^ 

1000 I 

4EI cos ^ j 
1000 

2EI cos ^ 
1000 

2EI cos <fi 
1000 
El cos <f» 
1000 



Increase m temperature 


60 


Where E= voltage between phase conductor and earth at receiving end 

R —resistance in ohms at 60° F , see increases in resistance due to increase in 


temperature, t 

A = sectional area, in square inch, per phase conductor in terms of volts drop 
taken as a percentage of E 
Z= impedance per phase conductor, m ohms 
P— power at receivmg end m kW 

distance one way, in feet, distance per mile— 5280 ^e 
5280 XO 282=1489 for the three-phase 4-wire system 
cos power factor of load 

e'= percentage volts drop at receiving end, or volts drop as a percentage of E 
«= temperature correction factor, caused by the heat generated by the current, 
etc 
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The Hi dro}) lor a curioiit, 1. (I(>|>(‘ii(ls .ilinoNt entirely 
on the conductoi maten.il, ihs hiwn l<>ngl.li, and the t(‘Hi|)oiuture 
On the other hand, tlie I'A diop loi a tiiven enirent, 1, depends 
not only on the wame eonditions hut i( rain's willi (ho conductor 
spacing and disiiosition, tlie system fre«|ueiu \ , and the load power 
factor Of still tnither importanei' is (he pi'ieeidage \oltage drop, 
which vanes inveisely as the line \olt.ige (M-) Idi a given load, 
distance, and size ol condiietoi . .dso, (he sectional au'a of con- 
ductor varies inversely as Idi u gi\en load, dist.mee, and loss. 
And, for constant (or tor unity) powei tae(.oi. .iiid <'onhl.nnt load 
(kW 01 kVA), the p(‘reont.ige voltugi' drop \aries invi'i'selyas E*, 
— that IS, e per cent ( l(Mh(KMII‘Z)/lC“ cos </» llowevi'i, for equal 
maximum voltage with reg.ird to eaith (sei' p !t!»), ap.i,rt Irom a 
knowledge of the ainoiint of eoppi'i r('(piii('d, wi' oKeii desire to 
know tho icdative IcW lo.id we can dehiei o\ei ,i, line This is 
given in Tabic 1 1 (sec (lagi* .'ll)) 

The separation of eondnetors is usiiall_N iiiideistnod in mean 
separation in a hoiiKontal plane 'riu> inmimuin lioriy.oiital .separa- 
tion IS dependent ii])on tho following eonditions 

The line voltage. 

Disposition or arrangement of eondnetors. 

Number of coiuluetois on the jiole. 

Kind of conductor metal; 

Whether polo, frame, or structure is lused, 

TyiJO of franio or structure, 

8ag of conductors , 

Length of span. 

The amount and direetion ol wind taken (or not t.Uum) 
as basis for loading , 

Total loading requireinciits. 

Type of insulator used , 

Whether on straight lino, corner, crossing, etc , 

Whether at sea-level or very high altitmh' , 

The system — ^whether earthed or otherwise. 

(See also p 150 for horizontal ee/wies vortu'ul arra.ngoinonts ) 

Some of the more common conductor arrange moiita arc shown 
on page 60, 

(A) This arrangement pernuts of a longer span lietwoen lino 
supports, or of less spacing of tho lino conductors for ei^iial span- 
length than with conductors arranged as shown m ((J) or (D). It 
also has the advantage of mimmum inductive roaotanco A 
greater distance may be used between conductors than for /E), 
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Table II. 

Constants and Fobmul.® for Insulated Copper Cables and ORDnrARY 
Underground (or Overhead) Distribution Network 



Ohmic 

Volts 


Sectional 
Area in 

Impedance 

Volts 


Volt- 

age 

Current m 
Amperes 

Voltage 

Drop 

be- 

tween 

Phases 


Eilowatts 

Trans- 

mitted 

Volts 

Drop 

Square 

Inch 

Total 
Volts 
Drop m 
per Cent 

VSE 

E 

VsiRt 

VsiRt 

lOOOP 

3E cos ^ 
lOOOP 

0 282P/ 
E%' cos 0 

0 846PZ 

Vsizt 

Vwt 

izt 

^100 

3EI cos 0 
_1000 
VsEI cos (l> 

VsE cos <!> 

E^e' cos f 

— iUU 

E 

1000 

2E 

2lRt 

lOOOP 

4E cos ^ 1 

0 212PZ 
E^e' cos ^ 

21Zt 


4E1 cos 
1000 

E 

2IRt 

1 

lOOOP 

2E 008 if) 

0 846PZ 
BV COB ^ 

2TZt 

?^‘ioo 

2EI cos ^ 
1000 

2E 

B 

1 

2IR« 

2IR« 

lOOOP 

2E cos (/) 
lOOOP 

E cos 6 

0 423Pi 
E®e' cos ^ 

1 690PJ 

E V cos <l> 

2IZt 

2IZ< 

IZt 

21Zt 

2EI cos (f) 
1000 

El cos ^ 
1000 


System 


Three-jiJiase — 

4- wire 

3- wire 
Quarter- 

phase ' — 

5- wire 

Two-pha^e — 

4- wire 

Single-phase — 
3-wire 

2-wire 


Temperature correction factor = t 


Increase in temperature F 


100 


60 


109 


100 


1 13 


120 


1 14 


122 


1 16 


130 


1 18 


140 


120 


149 


124 


170 


136 


220 


Where E = voltage between phase conductor and earth at receiving end 

R= resistance in ohms at 60® F , see mcreases m resistance due to mcrease in 
temperature, t 

A = sectional area, m square inch, per phase conductor in terms of volts drop 
taken as a percentage of B 
Z = impedance per phase conductor, m ohms 
P= power at receiving end m kW 

^stance one way, in feet, distance per mile^6%^0xconsUml, le 
5280 x 0 282=1489 for the three-phase 4-wire system 
cos power factor of load 

e'= percentage volts drop at receiving end, or volts drop as a percentage of E 
temperature correction factor, caused by the heat generated by the current, 
etc 


1 More commonly called two-phase 5- wire system It consists of two single-phase 
units with their centre pomts of wmdmgs, respectively, connected together, thus forming 
four quarter phases, or four two-phase relations 
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yet the Jiiic leacta ikh* Ih> the saiiMs hn .uisi' tlie rfftrlirv solacing 
ibi the two motluids is the same 

(B) This un.uigemont of coiidiU'toi.s is cssent i,ill\ lur double 
. fiK'Uits, it IS a \<‘t\ Hood .uianj;eiiu'ut, 
altlioiiifh (A) olh'rs (>\.o<‘llou( advantagos 
A I Koi dmildi' ciiciiit lint's it perniils id shorter 

^>,1 erossiu ills, ol It'sscr siiaciiig ol line eoiidnc- 
* tois, or ot longer sji.iii length 'I’lio phase 
ooiidnetois ean lie ariangi'tl so as to got 
tlio best adv. Ullages I'loin the \ lew |iouit of 
'■y induetive ieaet.iiiee when using the doublo- 

\ delta diHjiosition of thi' si\ phast* eondiietors 

^ h’oi this arraiigi'int'iit. 1 he eoiniiielors at tho 

® * same level iiia.t he of the same phase, hence 

/ aolosei hori'/ontal spaeing . 1 Ins also applies 

/ to ((!) 

» ((') This arrangt'inenl permits of lesser 

sjiaemgof hue eondiietors than the lollowing 
. lueaitionod methotls, lint it retpiirt'sa higher 

I and a lelatively hea\ ler line support for the 

I same siko and nuinlier of line eondiietors. 

Q I in areas siibjt'ttetl t.o lee eo.it.ing it is more 

j dangevous tlian any til her mt'thod, imh'ss 

I ample veHiral oondnetor st'paration is given. 

I On the other haiwl, in .i eonniry not sub- 

! jocted to ice, it ]H'rimtH of a ra.t.her .satis- 

factory doulile-cireuit line, using copper 
conductors ami extra high voltages. 

' (i)) Witli this arrangement of line con- 

' \ ductors the mean induetive reaetanee is the 

/ \ h'ast for tiio least spacing (as with (A)), liut 

tho armiigoment (lot's not permit of tho 
least possible sjiacing as with (A) duo to 
two conductors hoing at one eh'vation. For 
a doubio-cii'cuit line it may he eipial to (A), 
and may liavo tho advantage from wind of 

E the four lower conductors being in lino. 

However, (A) soiiaratiou is based on the 
vertical distance, whereas (D) must always ho based cm tho hori- 
zontal distance, which is about 14 per cent greater. 

(E) With this arrangement tho mean inductive reactance is 
higher, and for higher voltage hnes tho mean charging current is 
greater, but the least mechamoal stresses are obtained for the same 
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Size and number of conductors Also, the total wind-load is less, 
the corona loss is less than with the equilateral conductor arrange- 
ment (see p 100), and the conductor height above ground is the 
least, thus permitting better protection from lightmng In districts 
where prevaihng winds are at high velocity and where single or 
double-circuit hnes are to be used, this arrangement is good 

The separation of conductors must be considered in both the 
vertical and the horizontal planes The minimum vertical separation 
of conductors, independent of the metal and size used, is given as 
follows 

5^* =x(S St) (ms.). 

Where S =ve7 tical sag of conductor when loading with the specified 
(Regulation) or the maximum ice-coating in still air. 
S^=vertical sag of the conductor without ice-coatmg and 
in still air at the same temperature, S, m inches 
E = voltage between these conductors 
in per 1000 volts =0 5E/1000 ins 
a; = constant ranging between 1 4 and 1 7 

The minimum horizontal separation of conductors, independent 
of the conductor metal and size used, is given as follows 

Sn^y+k (ms.). 

Where 2 /=i^iaximum swing of conductor, m inches, for maximum 
horizontal wind pressure on bare conductor, with 
other conductor on same level loaded with maximum 
ice-coatmg at same temperature 
E =voltage between phase conductors. 
k=^ m per 1000 volts =0 5E/1060 

For long-span construction, very rarely required m distribution 
work, this formulae would take the form 

Sj^=k+z (ms.) 

Where 2 ;=maximum pendulum swing of both conductors on same 
level, m inches 

The above methods for determimng minimum separation of 
conductors, in the vertical and horizontal planes, would seem to 
be the more logical way of calculatmg these clearances. 

For overhead clearance of conductors, 20 ft is the mimmum 
height specified by law at the present time It is thought that 
no just reason can be given for this value of minimum height, 

* Minimum of 12 mches for 1 p circuits 
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which IS made for (W>,()(M» voltes <»i 2.‘>o \ oil's 'The auilior proposes 
the following lorinula* toi mimmutu ornluatl thtnaurv <»! <'<»ndiU‘tors 
and wires 

n, i /.’(It ) 


Where /.•"-0417H pei IIMHi ^olt^ {O r»K lono) IJ{lt) 

(U-nuiiiinimi in had of < ondind <»i.s oi win's taken 

at tiu' luiJilu'.st. t('fnp('iatiir<' Known with inavnnum 


cunviit flow*, loi JUiy jmrfK iil.ii .sp.in 


spaces a(*ccssibl(‘ to pi'dcst nans imh/ 

15 0 it 

ojXMi fields 

ISO 

rural loads 

15)0 „ 

main roads (fiom rural to urban areas) 

20 0 „ 

streets iii towns 

21 0 ,. 


E~ voltage between phas(* enndiudors 


Thus, for a OdOO-volt line we hav<' a (‘l(Mran<*(' t<»r apru of 


18-p 



1000 / 


IS '21 :> H 


Or, for a 06,000-volt line* in opni ftrltlf,, it is 



/ 00,000 

1000 ' 



20-75 ft 


And. for a 132,000-volt lino in open Jieldn, it. is 


18-1- 


^1 32,000 

Tool)" 


-23-r. ft, 


In selecting a location for a transformer, ot.h<-r fiu-tiorH outer 
into the question independent of load centre. l'\>r w'vi-r.il reaHons 
a comer pole should never bo chosen, and t lu- pole t-bosen should 
be as free as possible from wiring (sec fig 31), A f.ransfornnu pole 
should have initial strength to supjiort the maximum load that 
might be installed — ^including the transformer, line e(}ui})niont, 
as well as linemen doing repairs, etc 'rransfonin-rs i-vei'oding 
10 kVA in capacity are difficult to handle, and should not be 
installed near the top of a pole , the inaximu ni tninsfornu-r cajiacity 
put on a single pole, of good construction, is 15 kVA. 

In the case of pole-transformer erection for distribution lines, 
the transformers should be supported from the (-entre point of 
crossarms, and not hang out on the arms away from the pol<‘, unless 
special supporting structures are used. Arui, where special con- 
ditions make it necessary to hang more than one transformer on 
a pole, if the reqmrements do not exceed, say, a 6 kW unit, then 
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they should he hung on each side of (hut near) the pole, not placed 
hack to back When special conditions require the installation 
of two transformers on a pole, each of a capacity greater than, say, 
5 kW, they should not be supported from the crossarms on either 
side of the pole All large transformers should be from separate 
crossarms at the j)ole — one above the other — ^preferably, a platform 
structure should be made for them to stand upon (see fig 43) 
It IS recommended not to erect more than one transformer on a 
pole, and the transformer should be supported by suitable irons, 
which pass over the top and grip the crossarm This crossarm 
may be the topmost arm on the pole, or the lowermost primary 
crossarm on the pole When very high poles are used, the trans- 
former crossarm should be placed at a convement height, not at 
the top of the pole All transformer crossarms should be double 
arms The number and arrangement of transformers at any point 
of the distribution system will depend on circumstances, good 
practice shows that 

Individual transformers are used where consumers are too 
great a distance apart for the economical runmng of secondary 
mains, and 

Where the load is intermittent and where loads are heavy 
such that they interfere with the proper regulation of the 
voltage, but 

When the centre of distribution on the section of the second- 
ary IS changeable, due to the varying load conditions of the 
individual consumers’ installations — although under such 
conditions the average maximum demand on the transformers 
wiU be comparatively constant — ^transformers may be desired 
for parallel operation The transformers to be operated in 
parallel should preferably be about the same size, and be of 
the same type and form 

The limit to the number of transformers to be operated 
in parallel can be determined by the relation of the load factor 
of the individual consumer to the total load factor of the 
transformers, having in mind the difference in the time of day 
of the maximum demand of the mdividual consumers con- 
nected to the transformers 

In the parallel operation of distribution transformers they be 
located not too far apart because of the impedances of the cir- 
cuit itself The more common impedance-ratio of distribution 
transformers ranges between 3 and 5 per cent — ^this impedance- 
ratio increases slightly with the transformer kVA capacity. 
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Tmu-h III 

'ru\Nsl.()ltMMt ('0‘V('IT\ IN lv\ A 
(Assiitmii}; <iiH 10) 



<»f wiiuhnjj; 


iSystc‘iii 

- - 


(\t|>.uit\ »i kVA 


V ) 



S%ngle-p]iase — 

2- wire 

R,. 

R, 

2K 1 /1 000 

3-wne 

R,. 

Rs 

K.l /1 000 

Th ee- phase — 

Star, Htar 

R,.v A 


;iK I /.JO(H) 

Delta, dolta 

R,. 

K 

.5KJ /;$ooo 

Star, delta. 

R.\ .-5 

R 

.nKj i:\m) 

V-V . 

R. 

K 

V :tK 1 Mooo\':i 


Parallel Operation oj Tiani^Jtnniern 

Star-star will operate in paralli^l with tlolta-doHa 
Delta-delta will operate in parallel with di'lla-deita 
Star-star will operate in jiarallel with star-star 
Star-delta will operate in parallel with star delta 
Delta-star will operate in parallel with didta star. 
Delta-delta will operate in iiarallol with didta-didta 
Delta-star will operate in parallel with star delta 
Star-delta will operate m parallel with delta-star, 
V-V will operate in parallel with V-V. 

T-T will operate in parallel with T-T. 

Tablis IIIa 


Mazimitu Normal Irstilaxiom Stbbssiss in TBAmvoRMSKH ani> to Kautii. 


System Connection 

Maximum 
High-tension to 
Earth 

Maximum 
Low-tonsion to 
Earth, 

Maximum 
High-Ujnskm to 
L(>w-t(ui8ion 

Single-phase 

0 600 

0 500 

0-550 

Three-phase — 

Star-star 

0 577 

0-577 

0-577 

Delta-delta 

0-577 

0 577 

0 608 

Star-delta 

0 577 

0-677 

0-630 

V-V 

0 577* 

1-150 

0 645 
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Table IIIb 

Maximum Ij^sulatiox Stress when One Terminal is Earthed 


System Connection 

Maximum 
High-tension to 
Earth 

Maximum 
Low-tension to 
Earth 

Maximum 

High tension to 
Low-tension 

Single-phase 

10 

3 00 

0 800 

Th) ee-f>7iase — 

Star-star 

10 

3 21 

0*764 

Delta-delta 

10 

3 21 

0 750 

Star-delta 

10 

3 48 

0 820 

V-V 

10 

4 26 

0 866 


Table IV 


Inductive Reactance per 1000 Yards op Hard-drawn Copper Conductors 
^For frequency of 60 cycles ) 


Nomi- 

nal 

Area 

m 

Sq 

Inch 

Dia- 

meter 

of 

Con- 

ductor 

Inches 

No of 
Wires 
and 
Dia- 
meter 
in 
Inch 



X== 

Reactance in Ohms at 50 Cycles 



Separation of Conductors m Inches =5 

12 

18 

24 

30 

36 

42 

48 

54 

60 

66 

72 

0 75 

1 134 

37/ 162 

1912 

2146 

2309 

2439 

2543 

2632 

2709 

2776 

2837 

2891 

2940 

0 60 

1008 

37/ 144 

1980 

2213 

2378 

2506 

2611 

2699 

2776 

2844 

2904 

2959 

3009 

0 50 

0 925> 

K19/18S 

2029 

2262 

2427 

2556 

2660 

2749 

2826 

2893 

2954 

3008 

3058 

0 40 

0 830 ! 

19/ 166 

2091 

2324 

2490 

2618 

2722 

2809 

2888 

2955 

3016 

3071 

3121 

0 30 

0 720 

19/144 

2173 

2406 

2571 

2699 

2804 

2893 

2969 

3037 

3098 

3152 

3202 

0 25 

0 645 

7/215 

2260 

2492 

2658 

2786 

2890 

2979 

3056 

3124 

3184 

3239 

3289 

0 225 

0 612 

7/204 

2290 

2523 

2688 

2816 

2921 

3009 

3086 

3154 

3214 

3269 

3319 

0 200 

0 579 

7/ 193 

2322 

2664 

2720 

2848 

2952 

3041 

3118 

3186 

3246 

3301 

3351 

0 175 

0 540 

7/180 

2362 

2595 

2760 

2888 

2992 

3081 

3158 

3226 

3286 

3341 

3391 

0 160 

0 498 

7/ 166 

2408 

2641 

2806 

2934 

3039 

3128 

3204 

3272 

3333 

3387 

3437 

0126 

0 456 

7/ 162 

2459 

2693 

2867 

2985 

3090 

3178 

3255 

3323 

3383 

3438 

3488 

0100 

0 408 

7/ 136 

2523 

2756 

29211 

3048 

3154 

•3242 

3319 

3387 

3447 

3502 

3552 

0 075 

0 388 

3/ 180 

2584 

2817 

29821 

3110 

3215 

3303 

3380 

3448 

3508 

3563 

3613 

0 050 

0 317 

3/147 

2700 

2933 

3098i 

3226 

3331 

3419 

3496 

3564 

3624 

3679 

3729 

0 025 

0 224 

3/104 

2899 

3132 

32971 

3426 

3530 

3619 

3696 

3763 

3824 

3878 

3928 


Note — See formulse on p 100 

For othsis: frequency Reactance = XI 2 for 60 cycles 

s=X/2 for 25 cycles 

Also see page 257 for voltage drop m three-phase, 3-wire, 60-cycle overhead oircmts 
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CALCULATIONS FOR DESIGN OF DISTRIBUTION LINES. 

Overhead construction is an economic necessity, and imiveisal 
piactiee is to cany distiihution Imes on wooden poles. Quite satisfactory 
for safety and foi continuity of service What we look foi is the hi^^hest 
ratio of safety to cost, and we obtain it best bv this constiuction 

Distribution Imes are lestiicted and limited m their /otaiitfu much 
moie than transmission lines are , by locatmj? them in alleys many ad- 
vantages aie obtamed and obiections to overhead Imes aie gieatly 
minimised. Joint oiLupant i/ will facilitate line locations 

Loadmg conditions, as also mmimum cleaianees and other factors 
in the design and construction of distiibution Imes. toi this country, aie 
still in a state of flux They do not aliei fundamental practices nor do 
they altei the basis for sag and tension results, which may be obtamed 
directly from Table XXXVI foi i-m ice and 8 0 lb wind , these values 
are correct to a high degree of refinement, and aie applicable to all loading 
conditions and kmd and type of conductoi metal. That is to say. plot 
b and ( values m terms of a for any value of <( (toi any loading and metal), 
the sag and tension is then read from the curves For this country it is 
specified that Imes shall be so designed and constructed that the stress 
m overhead copper conductors shall not exceed 26.880 lb /sq m 
(equivalent to 24 tons per square ineh/factor of safety). And. the mmi- 
mum permissible size for copper and alummmm must have an actual 
breakmg strength of not less than 1237 lb , which, foi copper, is equivalent 
to 0 0201 sq m and weighs 409 lb per mile of length 

Smgle-phase 3-wire distribution will more generally be employed, 
this requires about tlie same amount of coppei as the equivalent three- 
phase 4-wire feeders The three-phase system is more suited th power 
distribution, and it requires much less copper m the feeder system than 
an equivalent smgle-phase 2-wire system. For the secondary distribution 
system the three-phase 4-wire and the single-phase 3-wire systems 
may be the two most important put mto general use. 

Copper and copper-alloy are the two most important conductors and, 
for distribution work m general, they should be used almost exclusively, 
especially m this country Aluminium also has a field of use. 

For the same voltage between conductors, same spacing and size of 
conductors, same power factor and frequency and Ime drop, a smgle-phase 
2-wire system will transmit one-half the power m kW as that of a three- 
phase 3-wire system. By addmg another conductor to the smgle-phase 
2-wire system and supplymg three-phase current the kW capacity of 
the Ime can be doubled for the same volts drop, etc. 

When designing lines for rural distnets, aJl factors sliould bo 
considered which lower the initial cost of the lane as a wliolc and 

66 
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ensure minimum annual maintenance charges, including power 
losses, repairs, amortisation, interest on the capital outlay, and 
so forth Materials that combine greatest economy in complete 
installation with the longest life in service will be most effective 
in reducing these maintenance and repair charges. The initial 
investment for poles and line ironwork (hardware) in short-span 
construction may be greater than the cost of conductors Con- 
sequently, the longer spans with wooden structures will reduce 
the number of poles or frames and fittings, and should propor- 
tionally lower the total cost of the Ime 

Apart from copper, a desirable conductor ^ is now available 
that gives a high strength and high conductivity suitable for long 
distribution-line spans This conductor has 77 per cent of the 
conductivity of hard-drawn copper of equal size, and 30 per cent 
greater strength Compared with hard-drawn copper of equivalent 
conductance, it has 69 per cent greater strength. It has the same 
density, modulus of elasticity and temperature coefficient of 
expansion as copper It costs a little more for a given conductance 
than some other conductors, but the saving m construction costs 
through the use of longer spans, and the general increased reliabihty 
of the line coupled with its lower maintenance cost, makes its use 
a profitable investment The use of a small diameter compared 
with other conductors of equal strength and conductance, reduces 
wind and sleet loads (see also p 129 for comparison) This ad- 
vantage, together with its high strength, moderate sag, and great 
resistance to the effects of arcs, hghtmng, insulator flash-over, 
abrasion, and corrosion will prolong the service under conditions 
where softer and less rugged conductors will fail It is easy and 
inexpensive to erect, sphce, joint, tap, and solder. Under normal 
operating conditions it shows no greater detenoration than all 
copper, and for this reason old hnes can be taken down and restrung 
for new installations with perfect safety. By its use extensions 
to connect with new consumers can be made with the mimmum of 
labour, material, and time Tables giving physical properties and 
information on this class of copper-aUoy conductor are on p. 116, 
also sag and tension tables for this conductor are given on pp 
179-183. 

With this matenal, medium or short-span construction (which 
is common distribution practice) may offer a higher imtial cost, 
but one often found to be cheaper and more satisfactory in the 
long run Certain high-strength conductor manufacturers have 
greatly over-rated the advantages of long-span construction. 

^ Anaconda Copper Mining Co , New York, U.S A 
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Tahlh VI 

Values o» Wind Vblocitikm in Ti,kms ok Wind Pbi'isiirk mib 
Dikklbjsnt Constants h. 




ValucH of Wind Vohx itM‘s fi»r 


Valuos of p 
(Lb/Sq Ft) 







K=0 002 

0 0025 ‘ 

0 002 

0 00.12 “ 

0 im 

0 005 

60 

54*77 

49 00 

44 67 

43*.30 

58 73 

34 64 

8-0* 

63 25 

66 57 

51 53 

.50110 

11 72 

40 00 

11-0 

74*16 

66*33 

(U) 55 

58 m 

.52 H 

4i) 80 

13-0 

80 62 

72*]] 

65 82 

6,3*74 

,51. 95 

50 99 

16 0 

86 61 

74 46 

70 71 

()8 55 

61 24 

.54 77 

18-0 

94 87 

84 85 

77 47 

75 00 

67*09 

60 00 

20-0 

100*00 

89 44 

81*62 

79 06 

70*71 

63*25 

22 0 

100 50 

93 80 

85*63 

82*92 

74*16 

66 33 






^250;; 

'V/2()0^| 

Where V= 

V&oop 

^400^1 

Vmspi 

1 


* In U S A and Canada, fjuuoial uhu m iniido of 

j)— 0 002r>V* wlioro V V ,'>7 

^ Be(|uiromont8 of tho Jlnlish Jto;;iilaiion<i for OvoiIbskI Liu<‘S iiidicaU' (rliiit 
2)=0{)032V“ wliCMoV V ."lO 

Wind pressure on plane surface is 0 005,*iUV®, and actual elTcotivi 
wind area may be OGxdiamctcr Tlicn, for a wind velocity o 
50 miles per hour, wind pressure on tlie. proj(‘cte<l anni of con 
ductors and smooth circular polos may bo taken as 


p=0 00533 X 50* XO 0=80 Ib./sip in , 


that is, for p=AV*, jb=p/V*==8/50*--0 0032. 


When V is known, the wind pressure can bo found when the 
diameter (d) or (do) is given , thus 




a- = 3760 for Vr-- 50, 
=4877 „ V=67, 

where do is the total overall diameter of conductor or wire. 
For the conductor only, where d and p arc known, then 

pd 


w. 


12 


(lb). 
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and for conductor and ice, we have 


Kesultant load, is 


w. 


p(d+U') 

12 


(lb) 


W = v'{vertical weight)® +(windage)® = -v/w’,,* + (lb ) 

Hence w=w' loos tj>, and 

Where eight of conductor or wire only, in pounds 

id' = weight of ice-coatmg only, in pounds 
=wind pressure in pounds 
w„ =weight of conductor and ice-load in pounds 
p —wind pressure in lb /sq ft 
d = diameter of conductor in inches 
d' =radial thickness of ice in inches 
do = overall diameter of conductor m inches 
V =wind velocity in miles per hour 
W =maximum or resultant load 


Relative wind and ice loadings on overhead lines depend on 
such prmeipal factors as, the polyphase system and its required 
number of hne conductors , the arrangemmt of conductors on the 
line, the land of conductor metal and t^e of conductor, and 
the type of hne support used From the wmd and ice standpomts 
the following practice can be qmte generally accepted- 

(1) Adoption of the three-phase system is best (see p 18) 

(2) Copper conductor is the best of aU conductors (see pp. 
Ill and 132) 

(3) Solid conductor is better than stranded from this view- 
point 

(4) Horizontal arrangement of conductors, as viewed from 
all aspects, is the best all-round disposition (see p 156). 

(5) Wood poles offer the best general advantages as they 
not only possess rounded outline to wmd, but, due to their 
flexibihty, to the short and moderate span construction, and 
to temperature changes, etc. they tend to throw off snow and 
ice loads (see p. 140) 

Thus, a three-phase hne with sohd copper conductors hori- 
zontally strung on wood poles will, as a general rule, possess the 
best all-round advantages, as the wmd loads and the accumulation 
of ice and snow are less, and what there is, is retained the least 
time It is well to mention again that a pole should not be con- 
fused with a, frame, such as the “A,” which consists of two poles. 
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oVFHinOAO 10 N FS. 


Taiilf VII. 

H.vkk 

('-u,l,n« b„«.,l „„ win.l ,,,„| J.i,, ^ 



3/- 1 04 
S/'l47 
3/' ISO 
7/- 136 
7/- 152 
7/-l()() 
7/- 180 
7/- 193 
7/-204 
7/-215 
I9/.144 
19/066 
19/-185 
37/. 144 
37/. 162 


0-025 

0-050 

0-075 

O-lOO 

0-125 

0-150 

0-175 

0-200 

0-225 

0-250 

0-300 

0-400 

0-500 

O-OOO 

0-750 


0-01453 

0-01629 

0-01697 

0-01815 

0-02061 

0-02164 

0-02500 

0-02545 

0-02688 I 

0-02926 I 
0-03269 
0-03631, 
0-05000 
0-07500 
0-10000 
0-12500 
0-15000 
0-17500 


I )<-a<l 
LoaO 

JHa* 

i^iiicai 

Foot, 

(Uk) 

Or). 


I 0-1002 
0-2002 
0-3001 
0-3986 
0-4866 
0-5940 
0-6983 
0-8026 
0-8970 

0- 9963 

1- 2153 

1- (il50 

2- 0060 
2-;{676 
2-9963 


Load 

fxa- 

Linoai 

K( 

(IJ).) 


0-217 

0-376 

0-498 

0-603 

()-706 

0-82(> 

0- 944 
|.O()0 

1- 165 
1-274 
1-116 

1- 950 

2- 371 

2- 758 

3- 426 


Hori- 
zon <al 
Load 
per 

LifK-ai- 

Ko(»l. 

(Lk) 
Or 


0-482 
0-54-1 
0-591 
0-605 
0-637 
0-665 
0-692 
0-719 
0-74 I 
0-763 
0-813 
0-886 

0- 949 

1 - 000 
1 -088 


0-136 

0-144 

0-147 

0-152 

0-162 

0-166 

0-178- 

0-180 

0-185 

0-193 

0-204 

0-215 

0-252 

0-309 

0-357 

0-399 

0-437 

0-472 


0-0560 

0-0627 

0-0642 

0-0700 

0-0795 

0-0834 

0-0959 

0-0981 

0-1040 

0-1130 

0-1260 

0-1400 

0-1930 

0-2890 

0-3860 

0-4820 

0-5780 

0-6750 


0-176 

0-185 

0-18' 

0-195 

0-205 

0-213 

0-229 

0-231 

0-239 

0-251 

0-267 

0-284 

0-349 

0-463 

0-574 

0-683 

0-792 

0-899 


0-424 
' 0-429 
0-431 
0-434 
0-441 
0-144 
0-452 
0-453 
0-456 
0-462 
0-469 
0-476 
0-501 
0-539. 
0-571 
0-599 
0-624 
0-647 


Maxiiiiuni 
Load j)(‘r 
liiiicar 

(1 0.) 

W’ 


0-541 

0-661 

0-773 

0-854 

0- 951 

1- 060 
1-170 
1-281 
1-379 
1-484 

1- 632 

2- 14 I 
2-554 

2- 933 

3- 592 


0-448 

0-467 

0-470 

0-47(; 

0-486 

0-192 

0-506 

0-508 

0-514 

0-525 

0-539 

0-554 

0-610 

0-710 

0-809 

0- 908 

1- 007 
1-107 


Anyl<‘ 


Load. 


<H)S t/j. 


0-3928 

0-3961 

0-3980 

0-4097 

0-1211 

0-4328 

0-4525 

0-4546 

0-1649 

0-4780 

0-4953 

0-5126 

0-5720 

0-6526 

0-7095 

0-7522 

0-7865 

0-8031 


1 6456(i 

0-5690 

0-(i 142 

0-7061 

0-7430 

0-7 7! >3 

0-8069 

0-8275 

0*84 18 

0-8584 

0-8676 

0-9107 

0-9283 

0-9403 

0-9538 


62" 50 
55" IH 
•19" 53 

■LT'' 


■12'^ 

38" 

36" 

3-1" 

32"' 

30" 

29" 

2 - 1 " 

21 " 

19" 

n 


0‘ 

48’ 

12 ' 

10 

20 ' 

50' 

49’' 

23' 

•18' 

52' 

37' 


66" 52' 
66" 40' 
66" 33' 
65" .19' 
65" 5' 
64" 21' 
63" (V 
62" 57' 
62" 18' 
61" 27' 
60" 18' i 
59'* 10' 
55" 6' 
49'-' 15' 
*4^4" 48' 
41" 13' 
38" 8' 
36" 3-1' 




„ forioe-lAHn. Umk 

For Jmencan (U.g.A.) values, see pp 56 

» 113, 116, 117, 118, 119, 120, 121, 122, 123 
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Table VIIa. 

LoADicta Tables tob Coppeb CoNsroTOHs 
{Based on lee hading and 8 0-26 mnd ) 


No and 
Dia- 
meter 
(Inch) 
of Wiies 

Nominal 
Area 
{Square 
Inch ) 

A 

Approx 
Overall 
Dia- 
meter 
(Inch ) 

d 

Dead 

Load 

per 

Lmeal 

Foot 

(Lb) 

w 

(Ver- 
tical) 1 
Lo^d 
per 
Lmeal 
Poot 
(Lb) 

(Hori- 
zontal) 2 
Load 
per 
Lmeal 
Foot 
(Lb) 

Maxi- 

mum 

Load 

per 

Lmeal 

Foot 

(Lb) 

W 

Angle 

of 

Re- 

sultant 

Load 

cos <j> 

Values 

of 

Angle 

sm <f> 

3/ 104 

0 025 

0 224 

01002 

01960 

0 3989 

0 4445 

63° 50' 

0 8975 

3/147 

0 050 

0 317 

0 2002 

0 3177 

0 4609 

0 5555 

55° 7' 

0 8203 

3/180 

0 075 

0 388 

0 3001 

0 4351 

0 5086 

0 6693 

49° 27' 

0 7598 

7/ 136 

0100 

0 408 

0 3986 

0 5373 

0 5220 

0 7490 

44° 4" 

0 6967 

1110 

0125 

0 456 

0 4866 

0 6365 

0 5540 

0 8435 

41° r 

0 6562 

7/166 

0150 

0 498 

0 5940 

0 7537 

0 5820 

0 9521 

37° 40' 

0 6110 

7/180 

0175 

0 540 

0 6983 

0 8674 

0 6100 

10600 

35° 5' 

0 5760 

7/ 193 

0 200 

0 579 

0 8026 

0 9812 

0 6360 

1 1680 

32° 61' 

0 5424 

71204: 

0 225 

0 612 

0 8970 

10833 

0 6580 

12670 

31° 14' 

0 5185 

7/216 

0 250 

0 645 

0 9963 

1 1902 

0 6800 

13730 

29° 66' 

0 4987 

19/ 144 

0 300 

0 720 

12153 

14267 

0 7300 

16010 

26° 59' 

0 4637 

19/ 166 

0 400 

0 830 

1 6150 

18511 

0 8033 

2 0170 

24° 11' 

0 4096 

19/ 185 

0 600 

0 925 

2 0060 

2 2650 

0 8666 

2 4250 

21° 0' 

0 3583 

37/144 

0 600 

1008 

2 3676 

2 6461 

0 9220 

2 8020 

19° 12' 

0 3288 

37/162 

0 750 

1 134 

2 9963 

3 3042 

1 0060 

3 4520 

16° 50' 

0 2896 

1 


0 01453 

0 136 

0 0560 

0 1314 

0 3406 

0 3652 

69° 5' 

0 9341 


0 01629 

0 144 

0 0627 

0 1399 

0 3460 

0 3732 

67° 59' 

0 9270 


0 01697 

0 147 

0 0642 

0 1421 

0 3480 

0 3758 

67° 47' 

0 9267 


0 01815 

0 162 

0 0700 

01491 

0 3513 

0 3815 

66° 0' 

0 9200 


0 02061 

0 162 

0 0795 

0 1609 

0 3580 

0 3924 

65° 48' 

0 9121 


0 02164 

0 166 

0 0834 

0 1857 

0 3606 

0 3969 

65° 20' 

0 9087 


0 02500 

0 178 

0 0959 

0 1811 

0 3689 

0 4100 

63° 49' 

0 8974 


0 02545 

0 180 

0 0981 

01837 

0 3700 

0 4130 

63° 35' 

0 8956 

3 

0 02688 

0 185 

01040 

01908 

0 3733 

0 4191 

62° 55' 

0 8903 

o 

0 02926 

0 193 

01130 

0 2016 

0 3786 

0 4291 

61° 59' 

0 8828 

CQ 

0 03269 

0 204 

01260 

0 2172 

0 3860 

0 4493 

61° 5' 

0 7864 


0 03631 

0 215 

01400 

0 2337 

0 3933 

0 4577 

59° 18' 

0 8599 


0 05000 

0 252 

1 01930 

0 2954 

0 4180 

0 5118 

54° 45' 

0 8166 


0 07500 

0 309 

0 2890 

0 4046 

0 4560 

0 6095 

48° 25' 

0 7480 


0 10000 

0 359 

0 3860 

0 5133 

0 4893 

0 7092 

43° 38' 

0 6900 


012500 

0 399 

0 4820 

0 6185 

0 5160 

0 8054 

39° 50' 

0 6405 


015000 

0 437 

• 0 5780 

0 7235 

0 5413 

0 9036 

36° 50' 

0 5995 


0 17500 

0 472 

0 6750 

0 8287 

0 5647 

1 0025 

34° 15' 

0 5628 


Ice hading=d'= ^ m radial thickness 

1 w„ -M-f 0 233(d+0 1876)=«>-)-I mU'{d+d') 

2 M„,=0 666(<2-l-0>375)=i(e2-f2(2') 

w w 

Angle in ^lane of resultant , ^=tan 
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niSTKIlUJTION (Ml' KIMiICTKICrr^ l»\ 0\ KHHK VI) MNliiS 


Hu(j and '/'eiintoii ('aintfainiihs 

The sag ui (lirection of resultant at mavinmm loading and 
datum tciinieriituie is 

\\7- 

(H }. 

horr/oiiial c‘(>ni|u)n<'nt <»l sajjj S sm 
vortical o<)ni|)<Hi<Mit of ^a;J: S ( os </> 

Length of oonduotor m span at <latuin tiMnpt'ral uio 0 with 
maxiinuin loading is 

■' 

Elongation of condnotor diu^ to stress is 

TL <" V ^ 

Length of conductor at desired teiiiperidui’l" above, datum “ K. is 
IV (i[t f')L(it.) 

Length of unstressed conductor is 

1 . 


L. 


'* rp ^ 

"-cA 


and the clastic shortening is 


rp/ rp 

V -^L--^ - (ft.). 


Vertical sag at the desired temiioraturo K. is 

g,=^SO (ft ), 

and uniform tension corresponding to this sag is 


T(=^^(lb ). 

It should be noted that the algebraic sum of tlio elongation, E, 
and the length of conductor, L/, at the desired temiierature ° E., 
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must be taken together and added to L to obtain The tension 
T' at the higher temperature (without lee and wind loads) is 
different, and values of tension must be assumed so that the proper 
tension corresponds with that given by formulae Tj. 


Table VIII 

Angle of Displacement Due to Wind Pebssuee on Coppee Wire — 
Stranded — Bare (Hard -drawn) i 

(Loading based on 8 0 lb wind and J in thickness of ice ) 


No and 
Diameter 
(Inch) 
of 

Wires 

Nommal 
Area 
(Square 
Inch ) 

Approx. 
Over-all 
Dia- 
meter 
(Inch ) 

Dead 

Load 

per 

Lineal 

Foot 

(Lb) 

(a) 

(Vertical) 

Load 

per 

Lmeal 

Foot 

(Lb) 

{*) 

(Hori- 

zontal) 

Load 

per 

Lmeal 

Foot. 

(Lb) 

(0) 

Maximum 
Load 
per 
Lmeal 
Foot 
Plane of 
Resultant 
(Lb) 

Angle of 
Resultant 
Load. 

(e) 

3/104 

0 026 

0 224 

01002 

0 549 

0 816 

0 984 

56“ 6' 

3/ 147 

0 050 

0 317 

0 2002 

0 707 

0 878 

1127 

61“ 9' 

3/ 180 

0 076 

0 388 

0 3001 

0 861 

0 926 

1-267 

47“ 23' 

7/ 136 

0100 

0 408 

0 3986 

0 962 

0 939 

1-342 

44“ 48' 

7/ 162 

0125 

0 456 

0 4866 

1079 

0 971 

1-461 

42“ 0' 

7/ 166 

0150 

0 498 

0 5940 

1213 

0 999 

1571 

39“ 33' 

7/ 180 

0175 

0 640 

0 6983 

1343 

1 027 

1 690 

37“ 37' 

7/ 193 

0 200 

0 579 

0 8026 

1472 

1053 

1810 

35“ 26' 

7/204 

0225 

0 612 

0 8970 

1587 

1074 

19J6 

34“ 66' 

7/216 

0260 

0 646 

0 9963 

1706 

1089 

2 019 

32“ 40' 

19/ 144 

0-300 

0 720 

12163 

1972 

1146 

2 280 

30“ 60' 

19/ 166 

0 400 

0 830 

1 6160 

2 440 

1220 

2 730 

26“ 40' 

19/ 186 

0 600 

0 925 

2 0060 

2 990 

1284 

3 200 

23“ 0' 

37/ 144 

0 600 

1008 

2 3676 

3 303 

1338 

3 663 

21“ 60' 

37/ 162 

0760 

1134 

2 9963 

4-009 


4177 

19“ 30' 

[ 


^ Angle of resultant load?=cos where ^:=ang]e m plane of resultant 
Also ^=tan c/6 

(See also p 174 for sag and tension values based on the caiUnary equation , a useful 
chart can be prepared from the values a, 6, and c, with 6 and c values as the sag and length 
curves^ respectively, in terms of a values For these curves, similar tabular values can be 
prepared for any loading, such as -fjc in , J in , or § in, ice, etc and for any conductor 
metal ) 


[Table VIIIa 
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DISTRIBUTION Ol^ K^K<*TK1(MT^ in ON lOKHU \ I> UlMOS 


Tnblk VIII N 

AN(JrJ*J OK |)JS1»LA< l,MhNT l>Oli TO V\lNI» Ulvl ssl M <»N UoiM 1 U \\ IKJ 

Solid IUhl (U mm» dkwn n) 

(Loading 1 ms( <1 on S 0 li) vmikI .iikM iii ( Iik Ion ss nl k < ) 




Dead 

(Volt.K .ll) 

(Ilnri- 

/onl.d) 

Lind 


Nominal 


Load 

l^ind 

Load 

f>er 

Ant'lo of 

Aioa 

Buimotor 

ptT 

fKT 

per 

Lllieil Knot 

Uesult inti 

(Square 
Inch ) 

(Jnoh.) 

Ijiiu'al 

Jt’oot 

(Lb) 

(a) 

(Lb) 

(6) 

L.tii-ii) 

(l-b ) 

(<■) 

I.E 

Ili>*mlt till 
ILb) 

1'/) 

Lo id 

w 

0 01453 

0 136 

0 (inoo 

0 151 

0 758 

0 882 

69“ 16' 

0 01629 

0141 

0 01.27 

0 162 

0 75* > 

0-892 

68 ■ So' 

0 01697 

0147 

0 0642 

0 166 

()‘7(ir> 

0 SIM) 

68“ 40' 

0 01815 

0 152 

0 0700 

0 174 

0 768 

1) 902 

58’ 18' 

0 02061 

0 J62 

0(17115 

0 IlK) 

0 7(6 

(1917 

57" ^10' 

0 02164 

0 161) 

0 0831 

0 197 

U 778 

0 923 

hr 26' 

0 02600 

0-178 

0 0969 

0 616 

(L78l> 

0 910 

61.'’ 42' 

0 02645 

0 180 

0 0981 

0 520 

(1787 

0-913 

66“ 36' 

0 02688 

0 185 

O-JOlO 

0-528 

0 1\\\) 

0-961 

66“ 16' 

0 02926 

0-193 

0 (130 

0-512 

\ 0 7ti5 

(1-91.2 

-■.6’ 12' 

0 03209 

0 201 

0 121.0 

0 56.1 

i (181); j 

0-981 

51 ■ .69' 

0 03631 

0 216 

0 1400 

0 583 

0 810 

0-998 

r.l ■ 16' 

0-06000 

0-262 

0-1930 

0-1)59 

(1 8.55 

1 (Mil 

61" 11' 

0-07500 

0 309 

0 2890 

0 79) 

0 875 

1-178 

17 ' .60' 

0-10000 

0 357 

0 3800 

0 917 

(» 005 

1 288 

11' 4' 

0-12600 

0 399 

0 4820 

1 010 

0d)55 

1 379 

11 “60' 

0-16000 

0 437 

0 6780 

1 159 

()d)5B 

1 601 

39“ 35' 

0 17600 

0 472 

0G760 

1 277 

0 5i82 

I 610 

37“ 35' 


Note (Z— resultant of vertical loadinfj (a) and (6), and a hot izontnl ttonsin Ht> had (c), 
due to 8 0 lb per sq ft wmd prossuio, («)-~dottd weight of eonduetoi , (/;) J-m 
radial coating of ico plus (a) 


Where 

W =total resultant load in pounds jmr linear foot o 
conductor 

^y=welght of conductor only, in pounds. 
Z=honzontal length of span, in foot 
A=area of conductor or wire, in s((uaro inches 
l\=tension at temperature in pounds 
t =mcreased temperature above datum, in F 
datum temperature, m ® F. 
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ffl=coefficient of expansion per ° F 
=0 00000922 (British), 0 0000096 (America and 
Canada) for Copper 

=0 0000126 (Bntish), 0 0000128 (Amenca and 
Canada) for Alurmnium 
e= modulus of elasticity, in lb /sq in 
= 18,000,000 (British), 16,000,000 (America and 
Canada) for Copper 

=9,500,000 (Bntish), 9,000,000 (Amenca and 
Canada) for Alumimtm 


in°C) 

itigrade 


(t in"F) 

Fahrenheit 

(<m “P) 
FaJirenheit 


(iin'O) 

Centigiade 

0 

= 

32 Freezing Point 

22 

= 

- 5 56 

6 

= 

41 

32 

= 

0 00 

10 

= 

50 

40 

= 

4 44 

15 

= 

59 

50 

= 

10‘00 

20 

= 

68 

60 

= 

15 66 

25 


77 

70 

= 

21 11 

30 

=: 

86 

80 

= 

26 66 

35 

== 

95 

90 

= 

32 22 

40 

= 

104 

100 

= 

37 77 

45 

= 

113 

110 

= 

43 33 

50 

= 

122 

120 


48 88 

55 


131 

130 

= 

54 44 

60 

= 

140 

140 


60 00 

65 

= 

149 

150 

= 

66 65 

70 


158 

160 

= 

71 10 

75 

= 

167 

170 

= 

76 66 

80 

= 

176 

180 

= 

82 21 

85 

; — - 

185 

190 

== 

87 77 

90 

— - 

194 

200 

= 

93 32 

95 

= 

203 

210 

= 

98 88 

100 

= 

212 Boibng Pomt 

212 

= 

100 00 


To convert from one scale to another 

F “=| C.°+32 
a°=t (F.'’-32) 




DIAMETER OF BARE STRANDED COPPER CONDUCTOR IN INCH 
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Calculation op Loads on Sblp-Suppoetbd Wood Poles. 

In calculating the load on the pole it is only necessary to take 
account of the wind pressure, since the weight of the wires and 
conductors'^ act vertically and do not increase the longitudinal 
loading The honzontal transverse wind loading for different 
specified loading conditions is given in fig 11 for different sizes 
of copper conductor, the resultant loadings are also given in the 
figure Relative loadings and sizes of poles are also given on p 81 , 
these are of special interest in showing which of the different loading 
conditions are the easiest 

The conductors and wires are supposed to rest on the poles, but 
adjacent spans may be of different lengths, and consequently un- 
balanced, and two methods are available , that is, we may 

Take wind pressure on any one of the two adjacent full 
spans, for one conductor only if all conductors are of the same 
size and weight, or 

Take wind pressure on total number of conductors and 
wires, if of same size and weight, for the half of each of the 
two adjacent spans This method is the best, and is the one 
on which the following formulae are based 
We may also take, either 

The wind pressure on the plane surface and the average 
diameter of pole, or 

Wind pressure on the projected area of pole in terms of 
top and ground-hne diameter of pole 

The wind pressure on a smooth circular pole is somewhat 
greater than for a wire or conductor, but as the value used in this 
country for the conductor is on the high side, it is acceptable for a 
smooth circular sohd pole , that is 

p =p'=0 0032V*, where Y=VZ12 Bp\ 

then, total wind pressure on conductors, when situated at one level 
above ground, is 

(lb ) 


Bending moment due to wind on conductors at two different 
heights H' H" above ground is 


pnW{l'+r) , pn'Wil'+l") 


(ft -lb.). 
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DISTRIBUTION OF UDROTRU'ITy in OVIOHHI')\I) IJNKS 


Total wind pressnio on iiolc is 

In this country, the Elcctncitv CoinniissioiUM's now nMiinrc' top 
and ground diamotci 

Bending inoniont at tlio ground dot* to w'liul on poU* is 
•it'HMd I ‘V 1 

Mp— - ' (H -111 ) (stH> ovamplo, ]) 88) 


And the total bending tnoinent on tlic sell -supported wood polo 
(see Table Xa /oi redjir) is 

M, I lVI,.(ft-ll) ) 

Allowable resisting moment (M,„ | M,,) x taotoi of s.itc'ty M, 
that IS, 

M = 0-008J79/r/,;' (ft lb) 

f—Eshmafed fibre stress of timber— 780()-lb /sip in. lor red fir. 
And, diameter of pole at groiind-line, is 


V o-( 


(meh) 


M 

•(►OS 171)/ 

Bor ground-lino diainetor of each leg ol “A " or “ H ” fra ini', take 


Where 


0 (idj, (in ) 


(see p Ifi.'S) 


li!— diameter of polo above ground-lino, in inches 
£/ 4 =diamcter of polo at toji, in inches 
d!y=diameter of polo at ground-line, in inehes 
p =wmd ])rcssuro on wires, in pounds 
jp'=wind prossuic on pole, in pounds 
I'l" =adjacent spans, in foot 
n— number of conductors or wires 
H=total height above ground-line, in fi'ot 
H'H"=height of conductoi's above groiind-lin<*, in feet, 
F =factor of safety - 3 .5 for tins country at present 
w=3 1416 


As an illustration of the effects of standards, the following shows 
the relative effect of different loadings on tbo size of wood |)oIe 
required for the respective conditions given below, which are 
30 lb wind pressure and a factor of safety of 10; 

17 lb wind pressure and a factor of safety of 8, 

8 lb wind pressure and i-in ice with factor of safety of 3-6, 
8 lb wind pressure and |-in ice with factor of safety of 3 5. 
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Example — Three-phase 3- wire primary-feeder circuits are to 
be erected, and lines over different routes built with the poles 
30 ft above ground-level and for spans 150 ft in length, the size 
of copper conductors decided on, and which are in the stores, are 
0 10 sq in , 0 05 sq in , and 0 02 sq in , respectively It is required 
to find which specified loading condition offers the most economical 
size of pole Calculations i^how the following 


Specified Loading 

Wind Pressure 

Size of Pole 

Conductor 

30 lb 0 in ice 

207 0 lb 

llfm 



17 „ 0 in ice 

117 9 „ 

8i „ 


0 05 sq in 

8 „ i in ice 

225 6 „ 

7| „ 


0 252 in diameter 

8 „ \ in ice 

375 6 „ 

9 0 „ 



30 „ 0 in ice 

279 0 „ 

12i 1 



17 „ 0 in ice 

1581 „ 

9i „ 


0 10 sq in 

8 „ i in ice 

2616 „ 

8i „ 


0 372 in diameter 

8 „ J in ice 

411 6 „ 

n „ J 



30 „ 0 in ice 


Hi » 1 



17 „ 0 in ice 

681 „ 

8 „ 


0 02 sq m 

8 „ 1 in ice 

198 0 „ 

7 „ 


0 16 in diameter 

8 ,, 1 in ice 

348 9 „ 

8i „ , 




Note — For “ A ” frame (for each leg) multiply the above values for size of pole by 0 6 


For struts, the average diameter of a round strut is 


■= 7 ( 


TH* X factor of safety required \ ^ 

5000 / ' 


Where H =height of strut m feet 

T =load on strut m pounds 


Approximate deflection of smgle round fir poles at point of pull 
IS given by 


D = 


11,700W'H« 

ed/ 


(in) 


Where H =height of pull from ground-hne, m feet 

W'=resultant puU at nght angles to pole, in pounds 
diameter of pole at ground-hne, in inches 
e = modulus of elasticity 
—1,400,000 lb /sq in 
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DlSTRIBimON OF H^H('TOR'IT^ BV' OVKllll HAD DINKS 


Insulator- Pin Strhnotii (ivLcuLurioNs 

The thoorotical strength ot a i)in and ai'in art' usually (“omjnitcd 
from the standard hoani and (‘oltnnn fotnnd.t', liut .ictual practice 
does not always compare t.ivonr.dilv v\itli Ihe fijiiirt's ohtamod 
from these formula' 

JFor wrought-iron solid pins, the bending nioint'ni is given by 

M' W'l (lb ), 

and fibre stress tor a round solid fiin is 



where 

jfc=soction modulus -0 (198 , 

diameter of pm, m inch 

i=length of pm from cimsai in to a])])lieation of load, in inches. 
W' =unbalanoed pull applied at top ol ])in, in pounds 
Allowable fibre stress of wrought non 4.^,()00 lb /stj in 
Elastic limit is 50 jicr cent of breaking stress. 


Cbossakm Stbengtji CalouijATions for Vhrtk'm, Wkjoiit 

For a single crossarm the bending iiionient due to vertical 
weight is 

M„=(a:xr-h:BT . fa”/") (m -H) ) 

i7*’Z^*=distanco from the centre of pole to tientre of pins, in inches. 
a:'a;*a:"'=total weight of respoetivo conductors sujiportod by the 
pins, in pounds 

If there are, for instance, throe conductors and they are of the 
same weight, the weights are added together making «>, then 

« 2 /’ 

where V and I" are the lengths of adjacent sjiaiis, in feet 

The fibre stress in the crossarm (wooden) of the ordinary rect- 
anqula/r form is 




where 2 =depth, or vertical thickness of crosHanii, in inches. 
3 /==width, or horizontal thickness of crosHarni, in inches. 
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The point of maximum bending moment is at the bolt hole 
where the crossarm is attached to the pole Allowing for this, 
the fibre stress without braces becomes 


/»=M< 


62 


y(2®-d,S) 


where d5=diameter of bolt hole, m inch 

For square crossarm of wood, the section modulus =2®/6 
For a channel-iron crossarm, the section modulus =Az'l3 67, 

wheie A=total area of section, 2'=channel width 
With bt aces, where f,, is equal to horizontal stress, 

Sc ^fc+Uhlvi^-dc)] 


Table IX 

Properties op Oak Crossarms 


(in inch units) 


Size m Inches 

Section Modulus 

Moments of Inertia 

Radu of Gyration. 

y 

z 

y' 

z' 


z' 

y' 


4 

4 


10*65 

213 

213 

1153 

1 153 

4 

3 

80 

60 



M53 

0 866 

3 

3 

45 

45 

6 75 

6 75 




»= depth, or vertical thickness of orossarm, m inches 
y— width, or horizontal „ ,, „ 

horizontal ams of orossarm 
z'= vertical „ „ 

section modulus, for rectangular section =y z®/® 

„ „ „ round section is 0 0981d®, where if— diameter 

„ „ „ hollow-round section is 0 0981(d*— D*)/d, where D=inside 

diameter 

Table X 

Strength op Timber por Poles 


Materials 

Ultimate Fibre Stress m Lb per Sq In 

(Bending ) 

(Compression ) 

White oak 

8000 

8000 (l-(L/60d)) 

Ked fir 

7800 

7800 (l-(L/60d)) 

Yellow pine 

6000 

6000 (l-(L/60d)) 

Eed cedar 

4500 

4500 (l-(L/60d)) 
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T\liLK \\ 


Maximum Aiii.owAitLK IIksis'iin<. ( I‘»i,ni>in<<) Momi nt km. IIm> Kik 
{FoiiintUt M f/* b,5 S ) 


])iciinotoi ol Polo 

M(»i)u Mi in 

hl.tllH II 1 ot Poll 

iMoimimiI im 

in J nchos 

iftAAi 

III IlK Im 

PI IJ» 

(rf) 

(M) 

«/) 

(M) 

f)0 

l.‘l,800 

1 1 00 

81,800 

(J 25 

I5,0()() 

1 1 25 

00,800 

f) 50 

17,500 

1 1 50 

97,000 

6 75 

19,600 

1 1 75 

103,100 

7 00 

21,000 

12 00 

1 10,(.00 

7 25 

2‘i,;^oo 

1 2 25 

1 17,200 

7 50 

2(),900 

12 50 

121,500 

7 75 

29,700 

12 75 

132,200 

8 00 

,32,600 

13 00 

110,100 

8 25 

,35,800 

13 25 

1 18,.3tK) 

8 50 

39,100 

13 50 

156,800 

8 75 

42,700 

13 75 

1 65,800 

9 00 

46,500 

1 1 00 

17.5,001) 

9 25 

50,100 

15‘00 

215,100 

9 50 

54,700 

16 00 

261,200 

9 75 

50,030 

17-00 

3i:$,.300 

10 00 

(•3,800 

18 00 

372,(M)0 

10 25 

68,700 

19 00 

I37,6(K) 

10 60 

73,900 

20 00 

510,000 

10 75 

79,200 

21 (M) 

591,000 


It xs of interest to note tliat 

(а) By cloubhiif; the diameter, <(, tiio momiMit, M, is in- 
creased eight times 

(б) By doubling the factor of safety, h\ t.lu' diaini'ter, d, is 
increased 1 26 kme/i, i e roughly 2r) [ler emit, gieater diameter 
for twice the increase in the factor of salety. 

(c) By doubling the bonding monumt, M, the diameter is 
increased 1 26 hnm 

Thus, doubling the factor of safety or/and bonding monient 
increases the diameter of polo a little over 26 ])('r eeiiti 

Example — Let ground-lino diameter of ereosoted ri'd-iir ])olo 
be 14 in , what is its maximum allowable bonding moment *' 

M=d» X 63 8=r(14)» X 63 8-2744 X 63 8 1 7r),067 ft.-lb. 
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When the moment and factor of safety are known (usually 
given by calculations), the size of pole is found from 

d=;^(M/f) (m ), 

where M= allowable resisting moment in ft -lb , /'=fibre stress 
factor 



8000 4000 5000 6000 7000 8000 


/—ultimate fibre stress of timber in lb /sq in 
Formulas — 

Maximum bending (see p 86), 

and Diameter of uood pole = ^/M./f'^d (see p 8 j) 

Fig 12 — Practical values for any class of timber used for poles coining within the 
ultimate fibre stresses of 3000 and 8000 lb per sq m 

Example — It is calculated that the allowable bending moment 
on a creosoted red-fir pole is 175,000 ft -lb at the ground-hne of a 
pole set 30 ft in height above ground, find its diameter at 
ground-hne 

= 175,000/63 8) = ^2744=14 0 ms. 

iFig 12 can be used for all classes of timber where the ultimate 
fibre stress is between 3000 and 8000 lb /sq m The name of a 
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given timber is purely a niatt.cT lor classiliealion , il its ultimate 
fibre stress is witluu IIUOO and 8000, then the m.i\iinuin bending 
moment can bo found from lig 12 Aeeoiding to the timber 



Anchor Bolt Base Embedded Base 


I'm 13 — “2'rusii)ii ” e(>|)jM>r'all<ij' h1(‘(‘] jioIch 

classifications and the assumed (tlloimble fibre streHses of timbers, 
we have 

M=d“/'=maMmum allowable resisting moment 

where diameter of round polo in inclu's 

/' =65 46 for/— 8000 lb /sq in (white oak) 

=63 8 „ /=7800 „ (rod lir) 

=49 1 „ /=6000 „ (yellow pino) 

=36 8 „ /=4500 „ (rod cedar) 

/= ultimate fibre stress of timber 
//F =allowable fibre stress of timber 
F=faotor of safety =3 5 for this country. 

Showing the use of Table Xa let us take the following example . — 
Example — A. 6600-volt primary three-phase 4- wire feeder is 
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to be run from a transforming centre to a new load, the route is 
level and straight, across fields m rural temtory The spans 



A B 

Fio 13 a — Steel lattice poles (Walter Bates) (B) is the cross lattioe—oombinationiatemal 
and external lacing (A) is the single lattice — external lacing 

average 250 ft each The conductor disposition is flat, with the 
four wires on one oak crossarm The size of conductors is 0 06 
sq in (3/ 147) hd bare copper, including the neutral, the load- 
ing IS |-in. ice and 8 0-lb wind {lust allowed at the present time 
in this country for 6600 volts); see fig 11, page 78, for |-in ice 
loading. It is required to find the size of pole 
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CalcuktUoii — Ovoiall heiglit of i>olc‘ is 

Height for inmiimim immi/ivlilp ground clo.u.inco 
(tins IS liigli, and therefoie allows foi 1 lift spaicat 
top tor arm) 20 0 ft 

Sag of 3/ 147 coppei eondiiftoi .d. 100 K <(‘ni|><>ia- 
turc use tor sjmu of 250 ft . . ,’{ 0 

Depth set in ground 5 5 „ 


Overall height above ground-line, allowing loi an 
extra for uneven ground ludween spans, etc of 
1 0 ft IS 

1 I 2S 5 5 5 2f0ff 

The Electricity ( Vniinnssioners now reipiiie to know the top 
diameter, and diametiu' 5 0 ft Ironi the Initf. of pole , t henddre, let us 
take a standard ‘’stout ’ creosoti'd re<l lir poh' o( 10 5 m diameter, 
5 0 ft from the butt, w'lth S5 in diamefi'r af. lop (sec 
Table XXXIU), then, bonding inonient diu* to wind on con- 
ductors, IS 

4 x 0 710 x 24 x 250 17,040 It -lb 


Bending moment at the ground due to w ind on pole is 


8 X (24)8 X (10 5 I 3,^8 5) 
72 


1700 rt.-ib 


Total bending moment on self-supporting jiolo is 

=■17,040 I 1700 - 18,800 ft.-lb 

The maximum allowable moment is 

18,800 xfactor of safety - 18,800 x 3 5 <ir),S(M) ft -lb 

From Table Xa. size of pole is soon to be 10 in. at ground-lino, 
or 5 5 ft from the butt 
It IS also calculated from 

d=,^M//' = ,^65,800/68 8- 10 in. 

However, a 10 5 in diameter pole, taken at a point 5 0 ft from 
the butt, IS decided on 
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Table XI 

Propebtibs op TBtrsoos Poles with Anchob Bolt Bases 



See 3?3g 

13 

Axis 1-1 Transverse 

Axis 2-2 Longitudinal 





See Fig 13 

See Fig 13 







Safe 



Safe 







Load 



Load 





Mo- 


2' 0" 

Mo- 


2'0" 

Size 

Height 



ment 

Section 

from 

ment 

Section 

from 


A 

D 

E 

of 

Mod- 

Top at 

of 

Mod- 

Top at 





In- 

ulns 

20,000 

In 

ulus 

20,000 





ei tia 


Lb pel 
Sq In 

ertia 


Lb per 
Sq In 

Two 

5 inch 

20-0 

10 50 

14 0 

110 7 

15 8 

1460 

14 6 

58 

540 

channels 

25-0 

11 75 

15 25 

135 3 

17 7 

1286 

14 6 

58 

420 

at 6 7 
lb per ft 

30-0 

13 00 

16 5 

163 0 

19 7 

1170 

14 6 

58 

345 

Two 
6-inch 
channels 
at 8 2 
lb per ft 

20-0 

10 50 

14 3 

137 4 

19 1 

1770 

25 7 

86 

795 

25-0 

11 75 

15 6 

168 0 

21 5 

1560 

25 7 

86 

625 

30-0 

13 00 

16 8 

2021 

24 0 

1430 

25 7 

86 

510 

35-0 

14 25 

181 

2391 

26 4 

1330 

26 7 

86 

435 

Two 
7-inch 
channels 
at 9 8 
lb per ft 

25—0 

1175 

15 9 

207 6 

260 

1885 

41 9 

12 0 

870 

30-0 

13 00 

17 2 

2491 

29 0 

1726 

41 9 

12 0 

710 

35-0 

14 25 

18 4 

294 0 

319 

IblO 

41 9 

12 0 

605 

40-0 

15 50 

19 7 

343 0 

34 9 

1630 

41 9 

12 0 

525 

Two 

25-0 

11 76 

16 3 

243 7 

29 9 

2170 

64 0 

16 0 

1160 

8-mch 

30-0 

13 00 

17 5 

292 3 

33 4 

1985 

64 0 

16 0 

950 

channels 

35-0 

14 25 

18 8 

345 0 

36 8 

1860 

640 

16 0 

810 

at 11 5 

40-0 

15 50 

20 0 

401 1 

401 

1760 

64 0 

16 0 

700 

lb per ft 

45-0 

16 75 

213 

463 4 

43 5 

1685 

64 0 

16 0 

620 

Two 

25-0 

1176 

16 6 

289 3 

34 8 

2525 

94 0 

20 9 

1515 

9-mch 

30-0 

13 00 

17 9 

347 2 

38 9 

2320 

94 0 

20 9 

1245 

channels 

35-0 

14 25 

19 1 

409 1 

42 9 

2165 

94 0 

20 9 

1055 

at 13 4 

40-0 

15 60 

20 4 

477 4 

46 9 

2060 

94 0 

20 9 

915 

lb per ft 

45-0 

16 75 

21 6 

549 7 

60 8 

1970 

94 0 

20 9 

810 

Two 

30-0 

13 00 

18 2 

407 5 

44 8 

2670 

133 2 

26 6 

1685 

10-inch 

35-0 

14 25 

19 5 

481 6 

49 5 

2500 

133 2 

26 6 

1345 

channels 

40-0 

15 60 

20 7 

559 8 

54 0 

2370 

133 2 

26 6 

1170 

at 15 3 

45-0 

16 75 

22 0 

645 1 

58 7 

2275 

133 2 

26 6 

1035 

lb per ft 

50-0 

18 00 

23 2 

734 8 

63 3 

2200 

133 2 

26 6 

925 

Two 

30-0 

13 00 

18 9 

574 6 

60 8 

3615 

255 5 

42 6 

2535 

12-inoh 

35-0 

14 25 

201 

674 1 

671 

3390 

255 5 

42 6 

2160 

channels 

40-0 

16 50 

214 

781 6 

73 2 

3210 

255 5 

42 6 

1870 

at 20 7 

45-0 

16 75 

22 6 

9001 

79 6 

3080 

256 5 

42 6 

1650 

lb per ft 

60-0 

18 00 

23 9 

1025 8 

85 8 

2975 

255 5 

42 6 

1480 
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Tabi.k XI a 

PBOPKRTIB'I ok TbI'SCON I’OI.bS bMIIKIIDl.l) IN CoNCKl'TI. 




Sec ms 13 


Axis I-I 'I'i iii'-Ii i ( 

\ *2-2 l.on,'itu(iuml 







N ,• |.'i ' I { 

N« i-’ir 1 1 

Sizo 






Mo 

till lit 
ol 

liiiilii 


8>lfi 1.0 III 

Mu 

nil 111 
ut 

llU ill 1 


.sif(* Load 






8i< (lion 

2' 0" fiom 

N « ilUII 

2' 0" from 


A 

15 

0 

1) 


Moil 

1 op 0 

Mu<l 

'1 oji ut 







uitu 

2(1, (UK 1 Ih 
|H 1 111 

UlU9 

20,00011) 
lurhq In 

Two 5 111 

20-0 

1-0 

1(1-0 

9 5 

no 

92 5 

112 

IliMII 

11 (• 

5 8 

(.05 

cliaiinols ill. 

25-0 

.5-0 

20-0 

10 5 

no 

110 5 

1 » s 

1 l(il» 

1 1 1. 

3 S 

510 

0 7 lb pop ffc 

JO-0 

5- (I 

2 1~(* 

11 U 

15 1 

131 9 

1 7 5 

129, 

It 1. 

.. 8 

4 50 

J5-0 

(i (1 

20-0 

12 7 

1(|‘2 

155 8 

19 2 

1IS5 

11 i> 

5 s 

51.0 


20-0 

1-0 

Hi-o 

0 5 

13 5 

11 • / 

17 1 

2070 

2 > 1 

8 1, 

1020 

Two (» 111 

J5-0 

.5 0 

JO 0 

10 5 

112 

1 5S() 

19 1 

17(0 

2» / 

S 1. 

793 

channels at 

,50-0 

O-b 

Jl-0 

11 0 

15.5 

l(>t 5 

21 2 

15(0 

2.5 (' 

8 (» 

(. 53 

8 2 lb por ft 

55-0 

(I-O 

20 0 

12 7 

Ml (i 

19 5 S 

2.5 t 

1 0 

2 • 7 

S (. 

5.50 

10-0 

0-0 

11 0 

110 

17 8 

231 1 

2(1 0 

I loo 

2»7 

8 (i 

115 


26-0 

5-0 

20-0 

JO 5 

117 

11.9 (> 

2.1 

21 10 

11 9 

1 *0 

1110 

Two 7-1 n 

,50-0 

5-(l 

2 1 -(. 

11 (• 

15 S 

202 5 

2 •(» 

1900 

11 9 

120 

S9() 

channols ni 

,55-0 

(i-O 

20 0 

12 7 

l(i 5 

2 IS 1 

2S 5 

nr, 

11 9 

12 0 

710 

‘)81b per a 

10-0 

(i-O 

51-0 

110 

18 ‘2 

281 7 

51 5 

III .0 

11 9 

12 0 

1(25 

15-0 

0-(i 

Ih (. 

15 1 

19 2 

325 r> 

35 7 

1 >10 

11 9 

120 

51,0 


26-0 

5-0 

2(KI 

10 5 

too 

199 1 

2(i (i 

2I(>0 

(ltd 

It. 0 

1 185 

Two 8 in 

50-0 

0-(» 

21-0 

J1 0 

I(> 1 

238 if 

29 (> 

2190 

(,l 0 

11. 0 

1190 

channels at 

.55-0 

(i-O 

20-0 

12 7 

17 5 

279 1 

.32 1 

1995 

(.1 0 

I(>0 

990 

H6Jb pcr£t 

40-0 

(l-(l 

11-0 

14 0 

18 5 

.52.5 0 

50 0 

|S(5 

1.1 0 

K. 0 

8 55 

10-0 

if- (i 

18-0 

15 i 

19 0 

,582 2 

39 0 

1780 

1(1 0 

III 0 

7.50 


50-0 

6-(l 

43-0 

ill 4 

20 ') 

410 0 

42 1 

1 70.5 

(.1 0 

K.o 

(.15 


*50-0 

5-(l 

•21-0 

110 

10 5 

28.5 0 

31 1 

2.550 

91 0 

•20 9 

15.30 

Two 9 in 

H6-0 

(i-O 

20-0 

12 7 

17 0 

332 5 

37 9 

2310 

910 

20 9 

1*290 

channolsat 

KM) 

(i-O 

11 0 

no 

18 9 

.5(9 0 

42 0 

2190 

91 0 

•20 9 

1090 

lUUi por a 

lli-O 

0-0 

38-0 

151 

20 0 

151 0 

45 5 

2075 

910 

20 9 

955 

00-0 

«-(i 

i;5-(l 

10 4 i 

21 2 

528 0 , 

19 0 

1990 

910 

20 9 

810 


30-0 

5-fi 

24-0 

117 

10 8 

3.33 0 

,39 7 

2910 

1 53 2 

21 > U 

1975 

Two 10-ln 

55-0 

0-0 

20-0 

12 7 

170 

590 2 

12 0 

2700 

1 5’5 2 

21. 0 

11,15 

channels at 

40-0 

0-0 

21-0 

14 0 

19 2 

4(15 0 

4S 5 

25,10 

1 5’5 2 

•2(. 5 

1385 

15 31b por a 

45-0 

0-0 

28-0 

15 1 

20 3 

52 5 7 

52 5 

•2100 

1 5’, ‘2 

•21, (. 

1*215 

50-0 

0-0 

42-(i 

10 4 

210 

019 2 

57 4 

•2 505 

1 5'5 2 

2{, (> 

1070 

Two 12 in 

35-0 

()-0 

‘20-0 

12 7 

18 0 

5.51 1 

59 2 

3(.liO 

2.»5 3 

12 (5 

2(5 50 

channels at 

40-0 

6-0 

34-0 

no 

39 0 

019 8 

05 5 

3115 

255 3 

42(5 

2220 

20 7 lb per ft 

45-0 

6-0 

.38-0 

151 

210 

746 8 

70 5 

3220 

2u5 .3 

42 0 

1915 

50-0 

6-0 

42-0 

10 4 

22 3 

805 K 

77 7 

.3120 

255 5 

429, 

1710 

Two 8-m 

40-0 

(>-0 

24-0 

no 

19 2 

476 5 

19 5 

•2580 

nil *2 

•29 T 

--J" — 

I-beams at 

45-0 

6-0 

38-0 

161 

20 3 

549 9 

51*2 

*2180 

11(52 

29 1 

13*25 

17 61b por ft 

60-0 

0-0 

4 5-0 

10 4 

210 

014 9 

59 7 

2100 

111.2 

29 1 

1105 

Two 10-in 

40-0 

0-0 

31-0 

14 0 

19 7 

018 2 

02 5 

3280 

22(i (, 

’"45’3'^ 

23(50 

I-beams at 

46-0 

C-0 

38-0 

151 

20 9 

714 6 

08 4 

,31 '25 

2‘2i( 5, 

43 .3 

2070 

22 41b per ft 

60-0 

C-G 

43-0 

10 4 

22 1 

857 4 

75 0 

30.50 

220 1, 

15 3 

1820 

Two 12-m 

40-0 

0-0 

31-0 

14 0 

20 3 

784 3 

77 2 

40‘20 

398‘1 

(>(i 4 

345.3 

I-beams at 

46-0 

0-0 

28-0 

101 

214 

902 0 

81 5 

3805 

398 1 

1,(1 1 

,3030 

27 01b per ft 

60-0 

0-0 

43-G 

10 4 

22 7 

X06Q7 

93 2 

8750 

398 1 

(it! 4 

2605 


Reinforoed-ooncrete poles are much used on tlio European 
Contment, the author’s expenenoe is that they are too heavy, 
expensive, and liable to permanent bending. The tubular steel 
pole IS the least desirable pole; it has been much used in countries 
troubled with white ants and the like, also for trolley (tramway) 
poles. The class of steel pole shown m fig 13 and Ag. 13a is 
far supenor. 
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Table XIb. 

(Bates ) 

Cross Lattice— Combination Internal and External Lacing Steel Poles 


Height 

in 

Peet 

Dimensions 

Weight 

in 

Pounds 

Pole set on Pier 

Pole set in Concrete 

Direction 

“C” 

Direction 

“D” 

Depth 

in 

Feet 

Direction 
“ C.” 

Direction 

«D» 

ua» 

“B” 

Calculated 

Calculated 

(Fig 13a) 

Failure 

Load 

Failure 

Load 


Failure 

Load 

Failure 

Load 





3 X 3 X i-inch L Poles 




40 


29 

846 

3,460 

3,260 


3,840 

3,600 

45 


31 

947 

3,280 

3,100 


3,560 

3,350 

50 

13 

33 

1,071 

3,040 

2,970 

70 

3,350 

3,160 

55 


35 

1,172 

2,780 

2,650 

70 

3,180 

3,000 

60 


37 

1,272 

2,500 

2,380 

n 

2,860 

2,700 





3i X 3i X -^-ineh L Poles 



40 


30f 

1,234 

6,530 

5,160 

6J 

6,100 

5,660 

45 


32i 

1,380 

5,170 

4,850 

6i 

5,660 

5,260 

50 

14i 

34i 

1,665 

4,920 

4,640 

7 

5,300 

4,960 

55 


36i 

1,712 

4,600 

4,430 

7 

5,000 

4,700 

60 


38f 

1,858 

4,350 

4,120 

n 

4,700 

4,430 





4 X 4 X |-inch L Poles 




40 


32i 

1,666 

8,300 

7,660 

64 

9,160 

8,440 

45 


34i 

1,864 

7,680 

7,160 

64 

8,400 

7,780 

50 

16i 

36i 

2,111 

7,250 

6,800 

7 

7,800 

7,250 

55 


38J 

2,310 

7,060 

6,600 

7 

7,360 

6,880 

60 


40J 

2,509 

6,630 

6,240 

74 

7,060 

6,630 





5 X 5 X f-inoh L Poles 




40 


34i 

2,088 

11,950 

10,800 

64 

13,300 

12,000 

45 


36i 

2,336 

10,800 

9,900 

64 

12,100 

11,000 

50 

18i 

38i 

2,655 

10,400 

9,550 

7 

11,300 

10,300 

55 


40i 

2,903 

9,900 

9,120 

7 

10,700 

9,810 

60 


42i 

3.151 

9,550 

8,820 

74 

10,200 

9,380 


[Table XIb — conhnuei 
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Taulk Xln.--(r.onfiinfrd). 






Pole set on 'Pitu*. 

Po 

le set in Coiutreto. 


Dimensions. 











Direction 

Direct ion 


Din‘(d.iou 

1 dreetic 





“ 0.’’ 

“ D.” 


“C,” 

D.” 

Height 

“A.” 

B.” 

Weight 

in 

Founds. 





in 

Feet. 

Ctihui lilted. 

in 

Cal<’uljit(*d. 


■ (fi’ig- 

13a). 


Failure 

Failnn' 

Fe<4-. 

I<'iiilnre 

Kjiilure 




Dead. 

Loiid. 


Doad. 

Load. 




Smjla LaUice — Nxlermil Lacimj Skd /’o/<: 

S’. 






1=? 

X 

X 

-inch D Poh‘M. 



20 


95 

310 

2,44(» 

•1 

2,910 

25 


105 

381) 

2,090 

5 

LVMO 

30 

5S 

115 

402 

J.S60 

5.1 

2,120 

35 

125 

i:J5 

534 

1,700 

6 

1,910 

40 


607 

1,580 

(\h 

1,730 

45 


146 

G80 

1,490 

(ii 

1,630 





3x3x.finch h Poh‘H 



20 


lOJ 

441 

3,840 

4 

>1,500 

25 


ii-i 

544 

3,290 

5 

3,810 

30 


12i 

047 

2,iK)0 


3,200 

35 

13| 

750 

2,6:10 

6 

2,950 

40 


14^ 

831 

2,430 

6.1 

2.700 

45 


m 

955 

2,290 


2.490 





3 J X 3^ X ji{ 

•inch h Poll 

H. 



20 


iig 

630 

6,130 

4 

7,.|30 

25 


12g 

771) 

5,200 

5 

ii.i:to 

30 


13g 

917 

4,580 

5.1 

5.320 

35 


145 

1,077 

4,130 

6 

4,660 

40 


165 

1,226 

3,800 

'ii 

1,240 

45 ^ 


16§ 

1,374 

3,570 

6.i 

3,890 





4 X 4 X f -inch L Poles 




20 


12i 

824 

9,250 

4 

1 1,500 

25 


13i 

1,020 

7,770 

5 

9,420 

30 

00 

14i 

1,216 

6,800 

51 

8.020 

35 


16i 

1,412 

6,100 

6 

7,080 

40 


16i 

1,607 

5,620 

61 

0,400 

45 


17i 

1,804 

5,220 

(ij 

.. . 

5,840 


Note . — Safe load = Failure load/factt.)!* of Haftriy. 
Failure load . 

= gig (for tJu8 country). 


Compiled by Walter Bates, Steel Corporation. 
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Calculations foe Stays 


For unbalanced tension due to curve or angle in the line we 
have 



(lb) 


Moment due to the unbalanced tension (for one crossarm, or 
one level) is 

^ /T sin 6 T cos <f\ „ 

(ft -lb) 

where 

n =nuniber of conductors at same height above ground, in feet 
T “tension in stay- wire, in pounds 
<f> = vertical angle between stay and pole 
=elfective lever arm above ground-hne, in feet 

=QM. 

Q=TA 

T„ =tension at effective pomt of apphcation of load, m pounds 
Pj=wind pressure on conductors, L„ distance above ground, 
pounds 

—pn(l'+r)l2 (lb ) (see p 79) 

Z7"=adjacent spans, in feet 

Unbalanced conductor tension for combmed angle and terminal is 

T sin A T cos A 
— 2 

Tension on stay-wire is 

h' sin <!> 

where h' = vertical height above ground to attachment of stay on 

pole, in feet 

sin 6 = — ^ (see sin 6 and cos p 109) 

V'HrT 

A" = horizontal distance at ground-line from pole to 
where stay enters the ground, in feet. 
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Veitical tension in pole duo to stay-wiio is 

T" cos <f> (11) ), 

where T"=tension in stay, in feet 

^=anglc hotwcon jiole and stay 

Tension in stay whore stay-wiro is attached at ])(.int oF l•(‘sulta 
load at angle in hno is 

K/cos^ (Ih ), 

where R=resultant load to he halaneed (see also p. 1 17) 


Table XII 


Constants hsud i^ob htayino J)<ilks 


Angle ^ 

1 

tan ^ 

1 

Sin * 

1 

COH ^ 

4 

2 sin ~ 

5 degrees 

11-430 

11-474 

1 004 

0 087 

10 „ 

5 670 

6-759 

1 0J5 

0 174 

15 „ 

3 732 

3-864 

1 o;ir) 

0 261 

20 „ 

2 750 

2 924 

1 064 

0 :h7 

25 „ 

2-144 

2 366 

1 103 

0 433 

30 „ 

1732 

2 000 

1 155 

0 518 

35 

1428 

1 743 

1 221 

0 601 

40 „ 

1 191 

1-556 

1 305 

0 684 

45 „ 

1000 

1 414 

1 414 

0 765 

60 „ 

0 839 

1305 

1 556 

0 845 

65 „ 

0 700 

1-221 

1 743 

0 923 

60 „ 

0 577 

1 155 

2-000 

1 000 

65 „ 

0 466 

1 103 

2 366 

1 075 

70 „ 

0 364 

1064 

2 924 

1 147 

76 „ 

0 267 

1-035 

3-864 

1 217 

80 „ 

0-176 

1 015 

6 759 

1 286 

85 „ 

0 086 

1004 

11474 

1-351 

90 „ 

0 000 

1000 

Infinity. 

1-414 


Calculation op Pole Foundations. 
Maximum pressure for wood pole set in earth is 


12T(H+0 660 
0 


(Ih /sq[ in ). 
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Maximum pressure for wood or steel pole set tn concrete, is 


12T(H+0 66Z) 


(lb /sq in ) 


where 


T =resultant puU on pole, in pounds 
H =height firom ground-line at which pull acts, in inches. 
Z=length of pole in ground, in inches, 

diameter or width of concrete at ground-line (assuming 
a form hke the embedded-base in fig 13), in inches, 
diameter of pole at ground-hne, in inches 


Ordinary soil may be taken at a unit loading of 1 76 tons/sq ft 
For foundation compression stresses, the range is approximately: 


For loam 
» clay 
,, sand 
„ hard-pan 


2.000 to 3,600 lb /sq ft 
4,500 „ 10,000 

9.000 „ 14,000 

18,000 „ 27,000 


The overturmng resistance of an “A” wood frame imtli, ord%Tiary 
earth foundation is approximately 40,000 lb /ft 

In desigmng a square footing, the resistance of footing to uphft is 

r =Wia^b +2ab^ 0 577 -|-A')- 

For a rectangular footing the resistance to uphft is 

r=W'(ac6-|-[a-|-c]6® 0 677 -f-yfc') 

For a round footing the resistance to uphft is 

r=W{x+y-\-k'), 

where W'= weight of cubic umt of earth =90 to 100 lb /cub -ft 
for earth =140 lb /cub -ft for concrete. 
a =width of one side. 

6= depth below ground-level. 

c= width of one side of rectangular form 

k'=uby9. 

x='na^bl^ 

y=Ttab^lZ 464. 

Where the foundations are poor, additional honzontal timber 
baulks m wooden-pole construction are added to the base to 
increase the ground resistance to uphft For wooden “A” frames 
(commonly called poles) the effective weight of the foundations 
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can easily, foi stiaight luns, bo 50 por coni gnMkM* than the 
greatest uplifting foi(30 Tlio re(|unvni(Mits lor n\sistan(3(^ to uplift 
in footings for tins countiy was giviui as 2 5, ii(‘i>l(»(*iing that it 
depends on the location, soils, and many oilitu* laetors 

As a guide to safe line eonstrueiion it is lu'lpliil to t<ibulato the 
calculated stresses for the dillercnt items ol eonstiuel ion «ind com- 
pare them with the allowabli' stressi^s leipuiiul by linjulahons, 
such as 


Conductor : 

Ultimate strength oF conduetoi lb 

Elastic limit of conductor „ 

Stress for maximum allowable loading (Ik^gulations) „ 

Conductor span ft 

Maximum allowable, it any ,, 

Conductor separation (horr/ontal) in 


„ „ (vertical) „ 

Minimum allowable by Jtogulations (hori/.ontal) „ 

9 , ,, ,, (vertieal) 

Conductor overhead clearance above ground 
Clearance at maximum temperature in still an ft 

Clearance required by Jvogiilations ,, 

Bending Moment of Pole : 

Safe loading for required height, and tof) and ground-lino 
diameter ft -Ib. 

Loading required by Regujcuuiv/us ,, 

Grossarm : 

Stress in direction of line which single crossarin will 
safely withstand lb 

Stress for double crossarm (ditto) „ 

Maximum loading m direction of lino when one con- 
ductor breaks 


Pins: 

Stress which one pm will safely withstand 
Stress which two pms on terminal polo will safely 
withstand 

Lateral stress required by Regulations 
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Insulators : 

Stress which one insulator will safely withstand lb 

Stress which two insulators in series will safely with- 
stand „ 

Mimmuin dry flash-over kV 

Stay: 

Safe loading (unbalanced tension) lb 


„ „ at curve 

,, ,, at combined curve and terminal „ 

„ „ in stay 

,5 ,5 in pole due to stay „ 

Stay-Insulators : 

Stress which one insulator will safely withstand ,, 

Minimum diy flash-over kV 

Electrical Oaloitlations 

The loss of energy in a circuit during the year is dependent upon 
the load factor, of the load carried, m calculating line losses an ap- 
propriate full account is not always taken of the load factor and of 
other conditions affecting the total losses For a new hne and load, 
it IS rarely possible to get close accuracy The amount deducted 
(as annual hne expense) from the gross income is made up largely 
of factors that are fixed regardless of the amount of power trans- 
mitted, but the chief question is the proper value of these different 
variables which involve depreciation, maintenance, taxes, and 
interest on the money actually spent on the line 

For distribution lines in general, knowing the distance and 
power loss (or assuming the latter), the size of conductor for a 
three-phase circuit can be found from 

R=0 333(kW loss)/P (ohms), 

wherein R is the total ohmic resistance at a given temperature, the 
range of R being 0° C. to 50° C (see Table XIII ) Dividing the 
value of R by the distance will give the resistance per umt length 
(feet, yards, or miles, as the case may be) of single conductor, and 
when this is known the size of conductor can be obtained directly 
from Tables XV or XVI 

The total kW loss is found from 

P==B1^Bj 

per umt length of hne, and the power loss by 
(4453:^)/(E*A cos 


7 
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The percentage powci loss is 

In calculating tor voltage droj) it is usual to specify circuit 
factors m terms ot cloliveTcd load and general leeeiving end con- 
ditions, and to reduce the delivered ])()vver- in tmnus ot delivered 
voltage and load jiowor tactor — to load emrtmt values Those 
are given in the calculations to tollovv It tlu‘ volia-gi' dro]) is 
assumed, it will usually be found that the size ol eonductor falls 



Fia 14 — Vector djagiain of a smiiile OaiisiniHBioti liiu^ kIiowih^j; n^Jaiion n 

and receiver v<jltai?o to neutral (Tliese lelatioiiH an* oi tli(‘ ovioluad ])o\V(*i 

distribution hues of tins countiy,) 


between two commercial standard sizes, one or tlu' other of which 
must he chosen, and therefore calculations are usually neci^ssary for 
a chosen size of conductor in order to determine tlu' voltage drop 
for the size of conductor available or to bo used ''Plus can bo 
found from fig 15 

Taboi XIII 

Copper Conductor Ohmio Kesistanob eou the Ranoe ok TEMPERATUims 

MET WITU IN I’ltAOTlCB 


Temperature. 

Stranded. 

Solid. 

Ohms pel Squaie-moh Section. 

122° r =60° c. 

0 0504 


96° r =35° C 

0 0478 


77° F =25° C 

0 0461 

0 0451 

69° P =16° 0 

0-0442 

0 0433 

32° F.= 0° C. 

0 0415 

0 0407 
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Fig 15 should be found useful for d c or a c .overhead lines 
as well as underground (insulated) cable systems, when it is dusiXed 
to know 

The voltage drop, the power loss, or the size of conductor 


Table XIV 

Relative CoxdtjCtor Requirements, based on Equal Percentage Ohmic Volts 
Drop (e), which is tiie More Coaimon Condition in Distribution Practice 


Sj^steni 

(Foi Equal Voltage between Phase or lane 
Conductors ) 

(1) 

(2) 

(3) 

(4) 

(5) 

D c 2-wire 

E/2 

PR/E 

2PR/E® 

100 

100 

„ 3-wire (71=0 5) 

E/2 

PR/E 

2PR/E® 

100 

125 

Single-phase for cos ^=10 






2-wire 

E/2 

PR/E 

2PR/E® 

100 

100 

3- wire (71=0 5) 

E/2 

PR/E 

2PR/E® 

100 

125 

Two-phase for cos <^=1 0 






4- wire 

E/2 

PR/2E 

PR/E® 

50 

100 

Quarter-phase 5- wire (7i=0 5) 

E/2 

PR/2E 

PR/E® 

50 

112 5 

Three phase for cos ^=10 






3 wire 

E/1 732 

PR/1 732E 

PR/E® 

50 

75 

4-wire (»=0 3) 

E/l 732 

PR/l 732E 

PR/E® 

50 

87 5 

» (^=1 0) 

E/1 732 

PR/1 732E 

PR/E* 

50 

100 

(For Equal Voltage between Phase Conductors and Earth ) 


D c 2-wire 

E/2 

PR/E 

2PR/E® 

100 

100 

„ 3-wire (n=0 5) 

E 

PR/2E 

PR/2E3 

25 

313 

Single-phase for cos ^=1 0 






2-wire 

E/2 

PR/E 

2PR/E® 

100 

100 

3-wire (w=0 5) 

E 

PR/2E 

PR/2ES 

25 

313 

Tuoo-phase for cos ^=1 0 






3-wire 

E 

PR/E 

PR/2E® 

50 

85 3 

4- wire 

E/2 

PR/2E 

PR/2E® 

50 

100 

Quarter-phase o- wire for cos ^=10 

E 

PR/4E 

PR/4E® 

12 5 

28 2 

Three-phase for cos ^=1 0 






3-wire 

E/l 732 

PR/l 732E 

PR/E® 

50 

75 

4- wire (71=0 5) 

E 

PR/3E 

PR/3E® 

16 7 

29 2 

4-wire (7^=1 0) 

E 

PR/3E 

PR/SE® 

16 7 

33 3 


(1) = voltage between any phase conductor and earth 

(2) — voltage drop between any phase conductor and earth for equal total delivered 

load P 

(3) = voltage drop for equal percentage volts drop 

(4) —relative area of outer conductor for equal percentage volts drop 

(5) — relative total weight of conductors 

71= area of neutral divided by area of phase or hne conductor 
cos power factor , thus, divide power loss values by cos® and respective volts 
drop and economic size values by cos ^ 
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Knowing the size and length <it oondne.tor, tlu‘ ]»ovver ,uul the 
total load current, the jiowcr loss can he ohtaiiied on looking np 
the ohmic resistance vahies, It, given in thi* t<ihles More often 
than not it is the voltage drop which tornis t he basis of eaieulations 
for a c aeiial power linos Much syslenis ari' not. only de])endent 
on the value of P, but they aie also de])endent on the magnetic 
flux in and surrounding the line eonduetors, thi' system lr(M(ueney, 
the size, arrangement, and spacing ot tlu' eondnetois, tlie lino 
current, and the load power factor 'I’he e in 1 s«‘t up iii the con- 
ductor is proportional to the lino cnrimit, I, the inagiu'tio flux 
density is greatest at the surface of the eonduetor Neglecting 
proximity and skin elleots, the fuiulainent.il foiimil.e lor tlie 
induced e m f (total elTeetive induetanei') per mill' ot singli* con- 
ductor IS given by 

L=0 0804673-1-0 741 ir>3G log,o (nnlhheniies) 
or 

L==(80 4673-1-741 1030 logw «/>’) X IO-« (hennes). 

This induced counter c m f is projioition.d to the IVoiiueiiey, /, 
and the current, 1, for a symmetrical three-phasi' oi for a single- 
phase aenal line the total counter e.m f pi'r mile ol single con- 
ductor 18 given by 

1X=2^/1L-C 283/lL (volts) 

The values in fig 15 are based on the following fornmia? for 
inductive reactance (volts por ampere) jier mile of single conductor' 

X=2fl-/(0'08047-|-0'0741 logio6/») (ohms). 

It is assumed here that the conductors for the dill ei cut jihase 
conductors of a three-phase circuit aro transposed so that the 
voltage drop is the same for each phase If tlio conductoi's arc 
irregularly spaced, the voltage drop duo to the inductive reactance 
will not be the same in each phase conductor For an irregular 
flat or triangular — ^not an equilateral triangular^ — spacing, the 
average reactance per conductor or phase conductor is found from : 

X=2it/^80 -1-741 1 logio X 10-« (ohms), 

where s= ^abc, and a, b, c are respectively the irregular spaoings. 

Por a three-phase regular flat or vertical spacing, with the same 
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sj)aoing, a, between the two outside and the middle line conductors, 
the average reactance per conductor is given by 

X =277/^80 +741 1 logio j X 1^'® (ohms), 
where 6=1 26a 

The arrangement of conductors offering the least reactance is 
an equilateral triangle, and the one offering the most overhead 
clearance (assuming all other conditions the same) is that with 
the base of triangle perpendicular, (E) on p 60 offers most 

For unsymmetncal arrangement of line conductors, the in- 
ductive reactance is higher, longer crossarms may be required, 
and in some cases longer poles required Moreover, the effective 
(or average) spacing usually represents a fractional number of 
inches Fig 15 meets this trouble, as it gives values of inductive 
reactance, X, for any odd or fractional value of spacing in 
inches 

In finding the hne resistance- volts (IR cos ^), little time is 
spent, but it is different when we have to determine the reactance- 
volts (IX sm 9 J) There are certain short-cut methods which one 
might apply, for instance, on careful study of fig 15, it will be 
evident that the value of X for a given frequency, /, is fixed for a 
constant value of the ratio sjd (or s/ 2 r), and that, for a given per- 
centage difference in the value of 6 , there is a constant value of X 
for a given value of/, regardless of the diameter of conductor d 

As regards the ohmic resistance values, to find the value of R 
for any given size of conductor, simply foUow the vertical line for 
given size of conductor until it intersects the obhque hne corre- 
sponding to the given kind of conductor and metal (sohd, stranded, 
copper, alumimum), when to the right we obtain directly the value 
R in ohms, or IR m resistance- volts per ampere Inversely, we may 
also find the size of conductor when the power loss or the ohmic 
resistance has been assumed This part of fig 15 can be used foi . 

Obtaimng the size of conductor when the power loss is 
given, 

Obtaimng directly the voltage drop per ampere in d c. 
lines, 

Obtaimng the ohmic resistance for stranded commercial 
sizes of conductors 

As stranded conductor is more generally used, the sizes are 
given in square inch sectional area values. The value of reactance, 
X, IS for a 50-cycle system, for any other frequency, /, multiply 
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the valiu's by the 1*01 iosikhuIid^j; fnMiuriicy (•(u^llinonl .uivon at 
the bottom ot 15 , or, (Ml(*olat(‘ it Iroin 

X' X(///)(<>hms), 

here X'- inductive roiietanee lor desired iK^ijueiu \, /' 

/' :==dosired frei|uenev. / rre<|uen(*\ 50 e\el('s jhm* heeond. 
X =■ iiuhictivo reaetarieo tor a. 50 (*vel(* 


The values of X are <|uite siinpli' to obtain, and will b(‘ louiul 
the most valuable part of tlu‘ The iirran^imiumt a.s |)io- 



hmi follow tjj/o of 

Ooiulutitor d t(» nitcrsoctioii with 
(f ~6, 01 i— i, thoucti to stalo of n 
on iiKht, 

*VoJintl Ti (tclarur, follow hue frou» 
Huurlrhl to »uMt Oondui 

toi tl, th(*iu*o i»aM iiloni» ilmroiml to 
niiorscftiou with x luu*, autl ttnwl 
valuu of X on loft hand «}euk 


(7 - Suo of conductor (vcitlcal lino) m li H rihuju And wi, In, vahuw, 
li - Ohxnic losiHtftuce. vov mllo of hIukIo t.oi»duftoi, 

B w SpacinK of iivo conductorH, In IuoIk'm hotweon contrdt*, 

X Iziductivo reactance in ohtnH» oi miotunco \oltN jau utupoio, p< x 
xnilo of stnirlo conductor at 110 cycloH per Bocond, 

2 -< Conductoi luotal, for temperature value m V and ' F* rt'HpccUvoly 

Khv Diaur/Vm to Fki. in\. 

sonted is a dovelopmciit from ilic Kli(U‘-r»l<' t.lu‘ diaffomil Iuioh 
forming the moving olonicnt of the slido-nilo 'I'hiw jmrt. of the 
diagram can he used foi” 

Obtaining directly the indiKdive ri'iiotniuu', X, for any 
spacing of the conductors in inches or in fractions thcr<*of. 
This IS a most desirable roqiimoinont in view of tlio fact that 
regular flat, or vertical, or an irregular or/and unsymmctrioal 
arrangement of the conductors of any phase circuit will piost 
often call for an odd or fractional value for the oft'ectivo 
spacing, hence the conductor so])aration in intervals of 1 in. 
or in fractions of 1 in. is dosirablo in certain work, and those 
X values should prove useful. 

Obtaining self-induction, L, by rhviding the values given 
in the diagram by 6 283/= 314 16. 




from fcrmula. X * InduchVe Reactance in Ohms per mile of single conductor 
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Obtaining the values of L or X, or IX per ampere, for 
commercial sizes of sobd or stranded conductors 

Obtaimng values of inductive reactance, X, for any fre- 
quency by multiplying values of X by respective frequency 
co-efficients given 

To use the inductive reactance part, start from the right side 
and move along the horizontal logarithmic hne for given value, s, 
to the intersection of vertical Ime (plotted to logarithmic scale) 
for size of conductor, see key diagram on p 102 At the point 
wheie these two values intersect, move along parallel to the 
diagonal lines to a point crossing the X line#, when to the left and 
hoiizontal to the meeting of the X hne and the diagonal hne we 
obtain the required value of inductive reactance, X 

Fig 14 represents a simple circuit The current, voltage, and 
power factor are measured at the receiving end The actual 
current, I, lags behind the receiver voltage by the angle, whose 
cosine IS the power factor , it causes a drop through the resistance, 
R, in phase with it, as shown, le IR is parallel to I, and causes a 
drop through the reactance 90° out of phase with I, the current 
lagging with respect to IX, as shown, te IX is at nght angles to 
1 The vector, E^, indicates the required voltage at the supply 
end of the hne From Pig 14 we see that 

e' =Ey -E, =I„R I„X (nearly), 

that 

AB=IR cos ^=IeR, 

B0=IX sin ^=I„X, 

and 

CD=E|,— Ey cos a:=Ey(l —cos a) 

The quantity Ey(l— cosa) is so small that, m practice, it is 
usually neglected. Therefore, for voltage drop we obtain* 

e=I,R+I,;£, 

where l 4 =energy component of I 
I„= wattless component of I 
a = angle between Ej and E, 

R =resistance in ohms between E^ and E^ 

X =reactance in ohms between E, and E, 

E^=sending end voltage to neutral 
E, =receiving end voltage to neutral 

As the prevaihng conditions of aenal a c hnes are for lagging 
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power factor ranging from 80 to 90 per cent , the simple and suffi- 
ciently accurate formulae for voltage drop to neutral is given by 

IR cos <l> -l-IX sin (volts) 

For a three-phase 3-mre Ime, the total voltage drop is 
e = V3I(R cos ^ +X sin (volts) (See p, 267 ) 

For a smgle-phase 2--mre hne 

e=2I(R cos ^+X sin ^) 

The voltage at the generating or sending end being 

'Eg=Ef-\-e, 

but 

Eg= cos ^-f-IR)®-|-(Ef sin ^-|-IX)®3 
and voltage regulation 

(E,-E,)/(B,100) 

The single-phase system is the simplest form of electnc circuit 
and requires the mimmum number of conductors, and therefore 
offers the Tuimmiim initial cost for distribution, but the feeders 
require 26 per cent more copper than the eqiuvalont three-phase 
system The size of conductor for a given load and drop (three- 
phase) IS but one-half what it would be for a single-phase circuit, 
and, for conductors of equal size (which is often the basis of assump- 
tion), the distance may be doubled for the same drop as compared 
with a single-phase circuit In the case of an unbaJancod tliree- 
phase 4- wire circuit the effect of the drop on the neutral conductor 
must be taken into consideration, as shown in the following cal- 
culations However, compensators are very often employed in 
each phase conductor to care for voltage drop, and only the 
ordmary calculations are required as the compensator can com- 
pensate for the effects of voltage drop in the neutral 

The regulation of a smgle-phase, or a symmetrical polyphase, 
system may be calculated by considering one conductor only, 
assuming a neutral which has zero resistance and zero reactance, 
as the return conductor 

The three-phase 3-wire system may be treated as a single-phase 
system transmittmg one-half the power 

The smgle-phase 2-wire circuit consists of two conductors with 
constant voltage maintamed between the conductors, the load 
bemg connected m parallel across the circuit. For computing 
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voltage drop and power loss, the ohnue resistance and the reactance 
of both conductors must be considered j that is 

R=2R7| 

and Mohmfls), 

X=2X'iJ 

and the power transmitted is 

P =ErI cos ^ (vc^att. s), 
or (Erl cos ^)/10O0 (kW) 

The powder loss is ^ =1^B> (watt s) 

or 2RT2Z =2(P2/Er o«os (j>}d (watts). 

Then, percentage pow’^er loss is 

p per cent =100(2R'ZP^)/(Er2 cos® ^ P)=C^200P®R7)/(Er®cos® ^), 

which IS the amount in per cent, of deliveraed power 
The voltage drop is expressed 

^/[(Er cos ^r-|-2R^ZI)^ —{-(Er ^l^n (jr ["2X Ef, 

and the percentage voltage drop is 

/ '\/[(Er cos ^ZI)® -P^ECfSnii ^r^”2X ZI)^] 

e per cent =f ^ 

which is the drop in per cent of dehvered- ToLtage 

For a three-phase 3- wire system, if tihel cad is equally balanced 
on the three phases, the neutral carries nco current, and a fourth 
conductor (if one is installed) could he reooved, making a three- 
phase 3-wire system Assume that the to Itage between any two 
hne conductors of a three-phase 3-wire sy^steim, for delta connection, 
equals E', while the hne current is lilien 

E ' = VSE" (for tile star eomeection) 

and 

I"= Vsr (for the delta connection), 
and the power transmitted is 

3E/I'' cos <f>r or 3Er'l ' eos K (watts). 

For balanced loads, 

cos =cos 
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and the power transmitted is 

VSEr'I" cos <f>r (watts) 

The power loss is given by 

3I"2R7=(P*E'Z)/(E/® cos® <^r) (watts), 

and the percentage loss is given by 

(100P®R7)/(Er® cos® <f>r) (watts), 

which IS seen to be just one-half that for a single-phase system 

Voltage drop (on each phase) for the star connected system may 
be computed by adding the impedance drop on one conductor 
vectonally to E", because 

E/ = V3E/ and E,' = VSE/ 

The voltage drop for star is given by 

V[(E/ cos 9i,+'R7I'')®+(E/ sin ^S.+X'Zl")®] - E/, 

and the voltage drop for delta is 

■/[(E/ cos <f>r+ V3R'ZJ")®+(E/ sin <l>r + VlX'liy] -E/ 

The percentage voltage drop is given by 

e=[(e7E/)-l]100 

and 

e=[(e7E,) ~1] (for full load dehvered, see also p 267) 

Or, m terms of supply end values, 

/ 

which IS in per cent of E^, where 

E« = V[(E" cos ^+EI)2+(E" sin <I>+X1)^] 


e per cent =( 


V[(E,cos^,^RT)" + (E,sm^, 


Voltage drop in terms of delivery end is 


^ V[(E cos V3RI)®+(E sin <f>+V3Xl)^] \ 


where E =voltage between conductors 

The three-phase 4^wire system is equivalent to three single-phase 
systems supplied from the same source, the voltages in each phase 
bemg 120° out of phase with each other One conductor is used 
as a common return for the entire system The current passing 
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through the neutral is equal to the vector sum of the currents in 
the three jDhases but in opposite phase The power transmitted 
equals the sum of the powers in each of the three phases , that is 
to say 

P=E/I'cos^/ I 
+E/I'' cos f/ (watts) 

+E/"I'" cos^/"l 

and for a balanced load 

P = 3E,I cos <f> (watts) 

=(3ErI cos ^)/1000 (kW) 

The loss of pow ei in a three-phase 4- wire system equals the loss in 
the fom conductors, which is 

=R7(I'2+I^2^I///2+I^2) (^^.atts) 

For balanced loads the total power loss is 

p'=Sl^Wl 01 Z(3ErI cos (watts) 

wherein 

I'=r=I'", I«=zero 


The average voltage drop, if the neutral current is comparatively 
small, will be approximately that obtained by computing each 
phase separately, neglecting the neutral and averaging the drops 
obtained, or by computing as a balanced 3-wire system with the 
current the average of the currents in the three phases If the 
load IS equally balanced the neutral carries no current, and obviously 
could be removed as mentioned above However, there often are 
unbalanced loads, and such conditions become more complex 
Assume that I', I", and I'" each have a current differing in ampere 
value but have the same power factor for all phases , then, tafang 
I' as a line of reference to determine components of I" and I'" in 
phase with I', we have 


and 

then 


rcos^=I^, r"cos^=I, 

V sin I'" sm 

I'— I^— 16=1/ in phase with 1' \ i 

T — T T ' 

±n — J-aj J-as 


at 


tan“^(I//Ia;') ahead of I 
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If the voltage at source is symmetrical and balanced, and equals 
normal voltage E to neutral, then the power at source is 

P==E cos ^(I'+I"+I'") (watts) 

The power loss is 

=R'Z(I'^ +1"" +1"'* +1«^) (watts) 

Neglectmg the drop in neutral, voltage drop by the approximate 
method, is drop in phase 

(1) =I'(R cos ^+X sin ^) =e', 
volts drop m phase 

(2) =I"(R cos <I>+X sin (f>) =e", 
volts drop m phase 

(3) =I"'(R cos ^+X sin 
jhe average volts drop being 

e=(e'-t-e"+e'")/2 

The voltage drop in neutral is 

en=In(R cos ^+X sin ^) 

The percentage voltage drop is 

e per cent =(e/Er)100 

For unbalanced loads we may also calculate current in the 
neutral conductor as follows 

Let total power transmitted equal P=P'-|-P"-i-P"' 

And let voltage per phase to neutral equal E', E", and E'", 
respectively. 

Smee the power factor is assumed the same in each phase, the 
aeutral current is the vector sum of I', I", V", that is 

P'=El'cos^; P"=E"I"co 8^, and P"'==E"T'' cos si, 
and 

r=P7E' cos I"=P'7E" cos <l>, and I"'=P"7E"' cos 4>. 



CALCUIiATIOSrS FOB DESIGN OF DISTBIBXJTION LINES. 109 


Then 


I'X10= r 

-I"X0 5 = -P'' and 
-I"'x0 5 = -il"' 


I'xO= 0 

-I"x0 866 = -0 8661" 
I'" X 0 866= 0 8661"' 


and 

where 


I« 

I»=Vv+I,^ 


I* 


Ey= voltage between conductors at load end 
I =load current in amperes 
P =po\\ er transmitted 
R =total resistance of ciJ:cuifc in ohms 
R'=unit resistance per foot of circuit in ohms. 

Z= distance from source to load end 
^'j9=power loss of delivered load 
‘P per cent —percentage power loss of delivered load 

X =total inductive reactance in circuit in ohms 
X'==unit inductive reactance per foot of circuit in ohms 
E^— voltage at tap of branch, supply point or source, to 
neutral 

average volts drop 
e per cent =percentage volts dro]p 
voltage drop in neutral 
cos ^==power factor 
cos <^r=powei factor at load end. 
cos <^ 5 ==power factor at source 
e'=delta voltage drop 
e"=star voltage drop. 


Necessary equivalent sine and cosine values are 


Oostj) 

8in^ 

•97 

243 

96 

279 

95 

312 

94 

341 

93 

367 

92 

•391 

•91 

414 

90 

436 

89 

455 

•88 

4=15 

87 

493 


Coajh 

Svn.^ 

86 

510 

85 

•526 

84 

542 

83 

557 

82 

•572 

81 

586 

80 

600 

79 

613 

78 

625 

77 

638 

76 

•650 
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Table XV 


Resistaxoe Weiohs, and Bbeaking Load oe Babe HD Copper Condtjotobs 
A ppBoxraATB Equal Conductivity Aluminium Conductors 


Copper Conductors 

Nominal 
Area in 
Square 
Inches 

Stranded 

Conductors 

Diameter 

in 

Inches 

Weight per 
1000 Yards 
(Lb) 

Breaking 

Load 

(Lb) 

Standard Resistance 
in Ohms at 60° F 

Per 

1000 Yards 

Per 

Mile 

0025 

0 05 

0 075 
010 

015 

0 20 

3/-104 

3/147 

3/180 

7/-136 

7/166 

7/193 

0 224 
0-317 

0 388 

0 408 

0 498 

0 579 

300 6 
600 5 
900 3 
1,196 0 
1,782 0 
2,408 0 

1,518 

2,914 

4,250 

5,872 

8,526 

11,270 

0 9887 

0 4943 

0 3294 

0 2469 
01656 
01224 

1 74 

0 87 

0 5789 

0 4345 

0 2914 

0 2155 


7/-215 
19/ 144 
19/ 166 
19/-185 
37/ 144 
37/-162 

0 645 

0 72 

0 83 

0 925 
1008 
1-134 

2.989 0 
3,646 0 
4,845 0 
6,017 0 
7,103 0 

8.989 0 

13,800 

17,370 

22,640 

27,720 

33,830 

42,160 

0 09861 

0 08126 

0 06111 

0 04919 

0 04175 

0 03297 

0 1736 

0 US 
01076 

0 08657 

0 07348 

0 05803 

Aluminium Conductors 

Nominal 
Area in 
Square 
Inches 

Stranded 

Conductors 

Diameter 

m 

Inches 

Weight per 
1000 Yards 
(Lb) 

Bieaking 

Load 

(Lb) 

Standard lit sistanoe 
in Ohms at C>0° F 

P(>i 

1000 Yaid*' 

Per 

Mile 

00417 

0 0835 
01252 
01670 

0 2505 
03345 

3/133 

3/187 

7/ 151 

7/ 174 
19/-133 
19/ 151 

0 2866 

0 403 

0 453 

0 522 

0 665 

0 755 

148 08 
292 74 
444 0 
589 5 
936 9 
1,207 5 

1,118 

1,975 

3,254 

4,163 

7,080 

8,830 

10086 

0 5102 

0 3344 

0 2518 
01591 
01234 

1 775 

0 898 

0 5885 

0 4432 

0 280 

0 2172 

0 4170 

0 5010 
0-6680 

0- 8350 

1- 0020 
1-2520 

19/ 167 
19/ 183 
19/ 212 
37/-170 
37/ 187 
37/-208 

0 835 

0 915 
106 

119 

1309 

1456 


1 

01009 

0 08403 

0 06261 

0 05003 
0-04135 

0 03342 

0 1776 

0 1479 
0-1102 

0 Q8806 
0-07278 

0 05882 
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^ABLE XVI 

Copprp Wire — Solid — B^ nr (H^RD-DR4.wjr) 


Normal 

Area 

(Square 

Inch) 

Diameter 

(Inch) 

Resistance of 60° F 
(15 0° C ) 

Weight in Lb 

Ultimate 

Tensile 

Strength 

(Lb) 

Per 

1000 Yards 

Per 

jMile 

Per 

1000 

Yards 

Per 

Mile 

0-176 

0 472 

01402 

0 2467 

2023 

3661 

8,544 

015 

0 437 

01636 

0 2879 

1734 

3052 

7,500 

0125 

0 399 

01964 

0 3166 

1446 

2546 

6,431 

0100 

0 357 

0 2455 

0 4320 

1157 

2037 

5,310 

0 076 

0 309 

0 3280 

0 5773 

8671 

1526 

4,129 

0 06 

0 252 

0 4937 

0 8699 

676 7 

1015 

2,875 ■ 

0 03631 

0 216 

0 6787 

1 1954 

419 8 

739 

2,142 

0 03269 

0 204 

0 7540 

1 3270 

377 9 

664 

1,943 

0 02926 

0193 

0 8425 

14828 

338 3 

595 

1,750 

0 02683 

0185 

0 9172 

1 6233 

310 8 

647 

1,621 

0 02646 

0180 

0 9689 

1 7052 

294 2 

518 

1,540 

0 026 

0178 

0 9909 

1 7440 

287 7 

506 

1,615 

0 02164 

0166 

1140 

2 0064 

250 2 

440 

1,324 

0 02061 

0162 

1197 

21067 

238 3 

419 

1,266 

0 01815 

0152 

1360 

2 3936 

209 8 

369 

1,123 

0 01697 

0147 

1454 

2 5590 

196 2 

345 

1,056 

0 01629 

0144 

1515 

2 6664 

188 3 

331 

1,016 

0 01453 

0136 

1 699 

2 9903 

168 0 

296 

912 


For the same distance, load, loss, and voltage drop, a line 
jonsistmg of copper conductors is best, some of the advantages 
ire 

For equal voltage stress to earth and equal delivered load 
and loss, a Ime consistmg of copper offers the smallest size 
of conductor (see also p 132) 

For the same dehvered load and voltage drop, copper con- 
ductors are subjected to the least wind and the least ice 
loading (see also p 115) 

For distribution hues in general there is a wide and fre- 
quent change in conductor stress due to temperature changes, 
and, for a given span length, copper conductors more satis- 
factorily meet this hazard as there is relatively less variation, 
etc. 

For the same delivered load and voltage drop, copper 
conductors have the greatest advantages from elasticity and 
expansion standpoints (see also p 128). 





112 DISTRIBUTIOlSr OF ELECTRICITY BY OVERHEAD LINES 


Table XVII 

Constants foe Hard-deawn Stranded Copper Conductors upon which 
Tables foe Sag Calculations can be Based 

(This u the table to use for loading and strengths because all constants are based 
the Electncity Commissioners^ requirements and the Engineering Standards Associa 
specifications ) 


Nonunal 

Area 

Square 

Inch 

Strands 

and 

Diameter 

Ultimate 
Strength 
of Wire 
before 
Strand- 
ing 
(Lb)i 

Calculated 
Strength m Lb ^ 

Ultimate 
Strength 
of Wires 
(Lb/ 

Sq In) 

Calcu- 

lated 

Strength 

(Lb/ 

Sq In ) 

Result- 
ant Load 
ing 

W (Lb) 
poi Foot 
of Length. ^ 

Total 

Allow- 

able 

075 

37/ 162 

1266 

42,158 

21,079 

62,100 


4177 

060 

37/144 


33,832 

16,916 

63,000 

66,387 

3 663 

050 

19/ 185 

1621 

29,260 

14,630 

61,000 


3162 

040 

19/ 166 

1324 

23,395 

11,697 

61,960 


2 730 

030 

19/ 144 

1016 


8,976 

63,000 


2 280 

0 25 

7/215 

2142 

14,244 


59,600 

56,976 

2 019 

0 225 

7/204 



BKHIl 

miiiniMl 

57,155 

1 915 

020 

7/193 


IlKi: 

5,819 i 

60,650 

58,190 

1810 


mium 



■«mwi 



1 690 

015 

7/-166 

1324 


mmivfM 

61,950 

BaBiW 

1571 



1123 


3,734 


59,744 

1461 

mQI 

7/-136 

912 


hsHB 


60,660 

1342 


■ifiKllI 

1540 

4,481 

2,240 


59,760 

1257 


3/ 147 

1056 


1,636 


61,460 

J 127 



650 



Hj 


0 984 


Based on the British Electncity Commissioners'^ Values for 
^ Ultimate strength of we before strandmg 

* Calculated strength after allowing for a reduction factor f oi ultimate strength of 
each we before stranding, i e 90 per cent for 37 wes , 93 per cent foi 19 wires , 
95 per cent for 7 wes , and 97 per cent for 3 wires 

Total vertical weight of cable and ice per foot of length =1 %4d^(d+df) in pounds 

Weight due to wind pressure= — m pounds 

* Weight of wes, wmd-load, and loe coating for W 
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Table XVIII. 

CoppERWBiA) Wire — Solid — S irs (Hard-drawe) 


Size 
AWG 
(B &S) 

Dia- 

meter 

(Inch) 

Break- 

ing 

Load 

(Lb) 

Average Weight 
m Lb 

Average Resistance in Ohms 
at 68^* F 

1000 

Feet 

me 

1000 Feet 

Mile 

30 

Per Cent 

40 

Per Cent 

30 

Per Cent 

40 

Per Cent 

0000 

0 460 

9850 

585 

3089 

0165 

0124 

0 871 

0 655 

000 

0 410 

8280 

467 

2466 

0 208 

0 156 

1 098 

0 824 

00 

0 365 

6850 

370 

1954 

0 262 

0197 

1 38 

1 04 

0 

0 325 

5700 

293 

1647 

0 331 

0 248 

1 75 

1 31 

1 

0 289 

4800 

231 

1220 

0 421 

0 316 

2-22 

1 67 

2 

0 258 

4000 

184 

971 

0 531 

0 398 

2-80 

2-10 

3 

0 229 

3200 

146 

771 

0 670 

0 503 

3 54 

2 66 

4 

0 204 

2650 

116 

615 

0 844 

0 633 

4 46 

3 34 

5 

0182 

2200 

92 

485 

106 

0 799 

6 60 

4 23 

6 

0162 

1800 

73 

385 

] 34 

101 

7 08 

5 33 

7 

0144 

1450 

58 

308 

1 69 

127 

8 92 

6 71 

8 

0128 

1200 

40 

242 

2 13 

1 60 

11 3 

8 46 

9 

0 114 

970 

37 

195 

2 69 

2 02 

14 2 

10 7 

10 

0102 

800 

29 

154 

3 39 

2 55 

17 9 

13 5 

11 

0 091 

645 

23 

121 

4 28 

3 21 

22 6 

16 9 

12 

0 081 

520 

18 

96 

5 39 

4 05 

28 5 

214 

13 

0 072 

416 

14 38 

76 

6 80 

6 11 

36-9 

27 1 

14 

0 064 

330 

11 55 

61 

8 58 

6 44 

46 3 

340 


(Compiled by Copperweld Steel Co for oopperweld wire ) 


8 
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Table XIX 

Steel-cored ALXTMiNitrM Conductors [British Sizes) 


Equi- 

valent 

Normal 

Copper 

Area 

Over-all 

Diam 

of 

Con 

ductor 

Calculated 

Area of 
Aluminium 

Stranding 

and 

Wire Diameter 

Resist- 
ance at 
60° P in 
Ohm'? 

Total 

Weight 

of 

Con- 

ductor 

Approximate 
Ultimate 
Strength of 
Conductor 

Sq In 

In 

Sq In 

Cir Mil 

Alum 

Steel 




m 

0025 

0 281 

0 04030 

51,423 

6/ 0935 

1/0935 

1 736 

383 4 

2,181 

45,400 

0 03 

0 306 

0 04806 

61,198 

6/ 102 

1/ 102 

1458 

456 3 

2,547 

44,500 

0 04 

0 354 

0 06433 

81,906 

6/118 

1/118 

1089 

610 7 

3,409 

44,500 

0 05 

0 396 

0 08050 

102,496 

6/ 132 

1/ 132 

0 8685 

764 2 

4,100 

42,800 

006 

0 432 

0 09580 

121,976 

6/ 144 

1/ la 

0 7298 

909 4 

4,886 

42,800 

0 07 

0 471 

0 11387 

144,991 

6/ 157 

1/ 157 

0 6136 

1,081 0 

5,586 

41,200 

0 075 

0483 

0 11975 

152,474 

6/161 

1/ 161 

0 5835 

1,137 0 

5,874 

41,200 

0 08 

0 498 

0 12731 

162,091 

6/166 

1/166 

0 5489 

1,208 0 

6,061 

40,000 

0 09 

0 531 

0 14474 

184,290 

6/ ITL 

-IA77 

0 4825. 

1,374 0 

6,819 

39,600 

010 

0 558 

0 15983 

203,508 

6/ 186 

7/062 

0 4369 

1,416 0 

7,387 

40,400 

0125 

0 624 

0 19988 

254,497 

6/208 

7/069 

0 3492 

1,770 0 

9,134 

39,700 

015 

0 714 

0 24032 

305,989 

30/ 102 

7/102 

0 2915 

2,592 0 

15,238 

50,400 

0175 

0 770 

0 27950 

355,869 

30/ 110 

7/110 

0 2506 

3,015 0 

17,722 

50,400 

020 

0 826 

0 32165 

409,533 

30/ 118 

7/118 

0 2178 

3,469 0 

20,394 

50,400 

0 225 

0 875 

0 36094 

459,565 

30/125 

7/ 125 

01939 

3,893 0 

22,524 

49,600 

0 25 

0 924 

0 40250 

512,478 

30/ 132 

7/ 132 

01737 

4,341 0 

24,716 

48,800 

0 30 

1022 

0 49241 

626,957 

30/ 146 

7/ 146 

01420 

6,311 0 

30,237 

48,800 

0 35 

1099 

0 56938 

724,959 

30/ 157 

7/ 157 

01227 

6,142 0 

33,525 

46,800 

0 40 

1176 

0 65197 

830,113 

30/ 168 

7/ 168 

01072 

7,032 0 

37,072 

45,200 

0 45 

1239 

0 72371 

921,450 

30/ 177 

7/ 177 

0 09651 

7,806 0 

40,787 

44,700 

OoO 

1251 

0 80338 

1,022,897 

54/139 

7/ 139 

0 08703 

7,114 0 

36,330 

39,200 

060 

1368 

0 96067 

1,223,162 

54/152 

7/ 152 

0 07274 

8,507 0 

41,881 

37,900 

0 75 

1530 

1 20166 

1,529,996 

64/170 

7/ 170 

0 05816 

10,641 0 

51,038 

36,900 


Table XX 

Steel-cored Alttminium Conductors (British Sizes) 


Eqm- 
valent 
Copper 
Section 
(Sq In.) 

Stranding 

Ratio of 
Alumimum 

Virtual Constants 

Weight 
pel Pt 
per 

Sq In 
(Lb) 

Steel 

1 

1 

to 

Steel 

Section 

to 

Steel 

WeigTU 

Modulus 

(e) 

(Lb /Sq In ) 

Coefficient of 
Expansion 
(a) 

(per °P ) 

Ulti- 
mate 
Stiess 
(Lb/ 
Sq In ) 


1 


6 

21 

12 85X108 

no xio-8 

43,000 

161 


7 


7 72 

27 

12 85X108 

1138X10’8 

39,500 

145 

0 126-0 45 

7 

30 

4 29 

15 

13 8 X10« 

10 48x10-8 

49,000 

1 62 

0 45 and over 

7 

54 

7 72 

27 

12 3 X108 

1138x10-8 

39,500 

1 45 
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Table XXI 

Steahmid AtTJiimuii Condtjotoes {British Sizes) * 


Equi- 

valent 

Normal 

Copper 

Area 

Over-all 
Diameter 
of Con- 
ductor 

Stranding 

and 

Wire 

Diameter 

Calculated 

Area of 
Conductor 

Resist- 
ance at 
60“ F 
m Ohms 

Total 
Weight 
of Con- 
ductor 

Approximate 
Ultimate 
Strength of 
Conductor 

Sq In 

In 

Sq In 

Cir Mil 

Per Mile 

Lb per 
Mile 

Lb 

Lb/ 

Sq In 

0 02 

0 254 

3/ 118 

0 03216 

40,954 

2178 

297 2 

859 

27,000 

0 025 

0 284 

3/132 

0 04025 

51,248 

1737 

259 3 

996 

25,000 

0 03 

0 310 

3/ 144 

0 04790 

60,988 

1460 

308 6 

1,185 

25,000 

0 04 

0 330 

7/110 

0 06540 

83,273 

1071 

418 9 

1,724 

27,000 

0 05 

0 366 

7/ 122 

0 08045 

102,438 

0 8699 

515 4 

2,042 

26,000 

0 06 

0 402 

7/ 134 

0 09706 

123,583 

0 7203 

621 7 

2,369 

25,000 

0 07 

0 432 

7/144 

0 11209 

142,712 

0 6238 

718 0 

2,736 

25,000 

0 075 

0 447 

7/ 149 

0 12001 

152,799 

0 5826 

768 7 

2,929 

25,000 

0 08 

0 462 

7/ 154 

0 12820 

163,217 

0 5451 

821 1 

3,067 

24,600 

0 09 

0 492 

7/164 

0 14538 

185,107 

0 4807 

9313 

3,478 

24,000 

0 10 

0 519 

7/173 

0 16178 

205,980 

0 4317 

1036 0 

3,791 

23,600 

0125 

0 579 

7/193 

0 20134 

256,357 

0 3467 

1290 0 

4,620 

23,600 

0 15 

0 633 

7/ 211 

0 24066 

306,411 

0 2899 

1542 0 

5,404 

23,000 

0175 

0 695 

19/ 139 

0 28297 

360,288 

0 2471 

1819 0 

6,776 

25,000 

0 20 

0 745 

19/ 149 

0 32515 

413,992 

0 2150 

2090 0 

7,786 

24,500 

0 225 

0 785 

19/ 157 

0 36099 

459,624 

01936 

23210 

8,471 

24,500 

0 25 

0 830 

19/166 

0 40356 

513,829 

01732 

2594 0 

9,470 

23,760 

0 30 

0 915 

19/183 

0 49046 

624,466 

01424 

«163 0 

11,167 

23,600 

0 35 

1985 

19/197 

0 56838 

723,685 

01228 

3654 0 

12,793 

23,600 

0 40 

1055 

9/211 

0 65203 

830,192 

01070 

4192 0 

14,364 

23,000 

0 45 

127 

37/ 161 

0 73888 

940,763 

0 0946 

4755 0 

16,609 

24,500 

0 50 

1176 

37/ 168 

0 80453 

1,024,358 

0 0869 

5177 0 

18,085 

24,500 

0 60 

1281 

37/ 183 

0 94561 

1,215,441 

0 0732 

6143 0 

20,802 

23,750 

0 75 

1442 

37/206 

1 20965 

1,540,166 

00577 

7784 0 

25,804 

23,250 


1 Ae aluminium oonductor approximately 1 34 times the Bectional area of a given 
copper conductor will oarry the same current for the same temperature nee 


Neglecting the supports, which we may assume for the purpose 
of comparison to possess relatively equal strength, it is not gener- 
ally realised that, for a given set of loading conditions and size 
and kmd of conductor for distribution lines m general, the tension 
for all temperature changes will decrease with mcreasmg span 
length This is important when deciding on the kind of conductor 
metal to use, because of the weakemng at the pomts of support 
with certam conductor metals — the lighter conductor offermg 
still greater hazard due to effects from wmd. 
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Table XXII 

High Strength, High CoNDUOirviTy Copper-Alloy Conduotobs 

{See p 180 for sag and tension values ) 


Area, Weight, Resistance, Elastic Limit, BuaUng Btiength, and TensiU Strength 


Temperature 20® 0 or 6S® 2? Density 8 89 grams per cm “ 

+ Average Conductance of Wire 77 32 per cent of that of Standaid Annoalpd Copper Who 
of the same Dimensions 

Minimum Conductance of Wire 76 0 per cent of that of Standard Annealed Copptr Wiio 
of the same Dimensions 

Weight and Resistance Increased 2 per cent to allow for Cabling 


Size of 
Cable 
Circular 
Mils or 

B &S 
Gauge 

Area 

of 

Cable 

(Square 

Inch) 

J Eqmvalent 
Area 

Hard-drawn 
Copper Cable 
97 5 per cent 
lACS 
Circular Ihls 
orB &S 
Gauge 

Num- 

ber 

of 

Wires 

in 

Cable 

Dia- 

meter 

of 

Wires 

(Mils) 

Dia- 

meter 

of 

Cable 

(Mils) 

Weight 

per 

1000 

Eeet 

(Lb) 

X Resist- 
ance 
Average 
per 1000 
J?ect 
(Ohms) 

§ Elastic 
Limit 
Avenge 
per 
Cable 
(Lb) 

Bi( a king 
feticngth 
Minimum 

pd 

Cablt 

(Lb) 

Tensile 

Strength 

Minimum 

pci 

Sqnain 

Inch 

(Lb) 

630,500 

567.400 

504.400 

500. 000 

450.000 

0 4952 

0 4467 

0 3961 

0 3937 

0 3534 

500.000 

450.000 

400.000 
396,600 
356,900 

37 

37 

37 

37 

37 

130 5 
123 8 
116 8 
11b 3 
110 S 

914 

867 

818 

813 

772 

1,947 

1,752 

1,557 

1,541 

1,389 

0 02170 

0 02411 

0 02712 

0 027^0 

0 030 JO 

31,900 

20,0()0 

17,830 

17,b70 

16,120 

30,010 

77,430 

30,710 

20,450 

2(),8G0 

9 

441.300 

400.000 

878.300 

350.000 
316,200 

0 3466 

0 3142 

0 2971 

0 2749 

0 2476 

350.000 
317,200 

300.000 
277,600 

250.000 

19 

19 

19 

19 

19 

152 4 
1451 
1411 
135 7 
128 8 

762 

720 

706 

679 

644 

1,303 
1,335 
1,108 
1,081 
973 3 

oonoo 

0 03420 

0 03017 

0 07009 
OOlUO 

14,070 

1 l,7b0 
13,100 
13,23(1 
11,110 

34,0(.() 
22,030 
21,000 
30, UO 
18,570 

72.000 

73.000 
71,001) 

71.000 

75.000 


■ 


19 

19 

19 

19 

19 

126 7 
118 5 
114 7 
106 5 
94 0 

629 

693 

874 

628 

470 

920 3 
828 8 
7719 
653 3 
5181 

0 01501 

0 05128 

0 05473 

0 00400 

0 08158 

10,(»00 

0,H(l 

8,0''>0 

7,580 

0,000 

17,070 
15,720 
11,020 
32,(. JO 
10,150 

9 

Size of 
Cable 
AWG 
or 

B &S 
Gauge 

Area 

of 

Cable 

(Square 

Inch) 

X Equivalent 
Size 

Hard-drawn 
Copper Cable 
97 5 per cent 
lACS 

B &S 
Gauge 

Num- 

ber 

of 

Wires 

in 

Gable 

Dia- 

meter 

of 

Wires 

(Mils) 

Dia- 

meter 

of 

Cable 

(MUs) 

Weight 

per 

1000 

Pcet 

(Lb) 

\ Resist- 
ance 
Average 
per 1000 
■pcet 
(Ohms) 

§ Elastic 
Limit 
Avenge 
per 
Cable 
(Lb) 

Bi caking 
Btrengtli 
Minimum 
per 
Cabin 
(Lb) 

Tonsilo 

Strength 

Minimum 

per 

Square 

Inch 

(Lb) 

■mS 

m 

01662 

01318 

01046 

0 08289 


7 

7 

7 

7 

173 9 
164 8 
137 9 
122 8 

522 

464 

414 

368 

053 3 
6181 
410 9 
325 8 

0 00406 

0 08153 
01028 
0129& 

6,980 

5,000 

4,640 

3,730 

11,630 

9,490 

7,730 

0,220 

■ 

1 

3 

3 

4 

5 


2 

3 

4 

5 

6 

7 

7 

7 

7 

7 

109 3 
97 4 
86 7 
77 2 
68 8 

338 

292 

260 

233 

206 

258 4 
204 9 
162 5 
128 9 
102 2 

0 1635 

0 2061 

0 2509 

0 3278 

0 4133 

3,000 

2,410 

1,930 

1,550 

1,260 

B 

9 


* A conductor called ** Hitenso BB ” and manufactured by Copper Company NY USA 

t Note "Resist^ce same as resistance of hard-drawn copper cable one B & S gauge number smaller 
I Area of hard-drawn copper cable having same resistance (or conductance) as that of this cable 
Per cent conductiviiy of this copper alloy is 77 32 1 A 0 S 
. T XV* i XV , X* « ^ »» hard-drawn copper is 97 5 „ 

1 JPimmum tensile strengtli This elastic limit is approxi- 
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Table XXIII. 

Transverse and Vertical Loads in Lb /Ft on Stranded Steel Cable 


Diameter of 
Cable 
in Inches 

8 Lb per Square Foot W md on 
Wire plus ^-in Radial 
Ice-coating 

S Lb per Squaie Foot Wind on 
Wire plus J in Radial 
Ice-eoatmg 

Transverse 

Vertical 

Transverse 

Vertical 


0 835 

0 579 

mBM 

0 276 

O J 

0 854 

0 635 


0 321 

■A" 

0 874 


0 541 

0 380 

1 

0 917 

0 830 

0 684 

0 490 

7 

T?* 

0 959 

0 916 

0 626 

0 613 

i 

1-000 

1126 

0 777 

0 760 

# 

1083 

1499 

0 750 

1085 


For calculating the resultant stress on a pole at an angle, 
which stress should be taken up by a stay, the following figures 
are useful — 


Angle between the 
Conductors or 
Wiles, both Sides 
of the Pole 

Resultant stress 
on the Pole 

Angle between the 
Conductors or 
Wires, both Sides 
of the Pole 

Resultant 8tiess 
on the Pole 

</} m Degrees 

R'=2T cos (f ) Lb 

^ in Degrees 

R'=2T cos ( ^ ) lib 

30 

E,'=Txl 932 

95 

R'=Txl351 

45 

„ „ 1-848 

100 

» » 1286 

60 

„ » 1-813 

no 

„ „ 1148 

55 

„ „ 1 774 

120 

, „ 1000 

60 

„ » 1 732 

130 

„ „ 0 846 

65 

„ „ 1-687 

140 

„ „ 0 684 

70 

„ „ 1-638 

150 

, „ 0 518 

75 

» 1 587 

160 

1) >> 0 348 

80 

„ 1532 

170 

„ 0174 

85 

„ » 1 475 

175 

„ „ 0 086 

90 

„ » 1-414 

180 

„ „ 0 000 


The shorter the angle ^ of the stay wire to the pole, the stronger 
must be the stay wire, and the greater the angle ^ the greater 
will be the allowable total area of conductors The usual angle 
given a stay wire ranges between 45 and 30 degrees The resultant 
stress on the pole at a right-angle turn (90°) is equal toR' =T x 1 414 
at 180° R'=T. 
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Modnlus Area 
(eA) 

OOOOOOOOOOOOOQOOQ 

QOOOOOOOOOOOOOOOO 

O 00 O O 1-H 

C^OOCilOi-H'^C<llO(Mi-HCqJOOCO<MO«0 

COCOC^^O^OOO COiO'«iiCOCq(Mi— li— IrH 

I-T r-T r-T 

Young’s 

Modulus 

of 

Elasticity 

20,000,000 

20,000,000 

20,000,000 

20,000,000 

20,000,000 

20,000,000 

20,000,000 

20,000,000 

20,000,000 

20,000,000 

20,000,000 

20,000,000 

20,000,000 

20,000,000 

20,000,000 

20,000,000 

20,000,000 

Maximum 
Load m 
Plane of 
Besultant 

<^•^COli^)^r5l030^^-THC<^'r:^OOcOOOOlO^O 
COasOOC3(M«Or-lI>''rjHi-HOat«li:DCO<Mi— JOi 
iacO<Mi-«i-HOOOC^CaOOOpOOOOOOOOt* 
IrHi— Ir-HOOOOOOOOOO 

Loads in Lb per Lmeal Foot 

Honzontal 

Load 

Wind Piessuie 
8 Lb pel 
Square Foot 

cOOOcOOaOaoacOCOnOCOc^lcOOt-i— 

iODl£5COi-HOGOt-COiO-^CO<?q<MO 

05 ^ O GO 00 00 00 GO t— t* t* 

ooooooooooooooooo 

Vertical Loads 

Dead Weight 
plus J-in 
Badial Ice 

CO'«?HC5l>-COOO'rT<l:»iOC5lr-0>COipHC5C51 

OOCOOQ<Ml£30JOrHOO»rDCOrHOa5l>CO 

rHOC3500t^«050iQlO'+»-«!H'e*H'?ii'!i<COCOCO 

i-Hi-HOOOOOOOOOOOOOOO 

Dead Weight 

o 

i01>*OCOr-!'^COCD(MPOCOOL'»C5 00 00rH 
QOOt^05COOO'«?Hr-JOat^lOT*<OOCaC?qrH^ 
iO-^COcq(Mi-HrH»— lOOOOOOOOO 
OOOOOOOOOOOOOOOOO 

Allowable 
Tension 
in Lb 

looioooooioooooooirsoio 

<M-?H<MiOOOO<MOOCOOOOC2«DCD 

05i-H'«HOO'^O^COrHOSt^CC>'^Tt<COCMJ-H 

Cross-section 
(Square Inch) 

0 16620 
013180 
010460 

0 08290 

0 06673 

0 06213 

0 04134 

0 03278 
0-02600 

0 02062 
0-01635 
0-01297 
0-01028 

0 00816 

0 00647 

0 00613 

0 00322 

Size A W G 
(B & S.) 

No. 

OOOO^-HCqCO'^lOCOr^OOOiOi— 
o O O rH I-H r-H t-H 

O O 

o 


(Compiled by Coppeiweld Steel Co for copperweld wire ) 
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Modulus 

Aic.a 

(eA) 

3.573.000 

2.912.000 

2.739.000 

2.434.000 

2.270.000 

2.029.000 

1.900.000 

1.693.000 
1,583 000 

1.380.000 

1.133.000 

891.000 

713.000 

450.000 

Young’s 
Modulus of 

Elasticity 

(0 

15.600.000 

16.100.000 
16, '500,000 
17,000,000 

17.200.000 

17.800.000 

18.100.000 
18,600,000 

19.100.000 

19.200.000 

19.500.000 

19.700.000 

19.800.000 

19.900.000 

2 

1 

1 

or 

hi 

r 

jjiax j^oaci 

m Plane of 
Resultant 

iOil>rH'rt(-t(h~QOSp 

laiSfM'^sDJQGOr— isOri^COCOCOOSi— (hOOOCOl'^^Oi^lOi— 

00O'^®0>»'^C0O4O®00t^O»3»f3'^CCC0rqfNr- IfHOOOS 
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Note —B means special gauge we (not m A W G size) Coefficient of lineal expansion =0 0000072 per Brealang load of strand is taken as 
90 per cent of the sum of the breaking loads of the individual wires (Compiled by Copperweld Steel Co for copperweld wire ) 




COPPEBWELD-COPPER CABLES WiRE TABLES AND LOADING TABLES 
19-Wire Conoentnc-lay Strand (Each Cable composed of 7 Extra High Tensile Coppeiweld Wires surrounded by 12 Copper Wires ) 


CALCULATIONS FOR DESIGN OF DISTRIBUTION LINES 
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Note —Breaking had of each cable is lated at 90 pei cent of the sum of the breaking loads of its individual wires This staiidaid lating has been 
•und conservative for this tyjie of cable ^ 

^This IS resultant of vertical loading due to dead weight of conductoi plus J-in ladial coating of ice and a hoiizontal tiansverse load due to 8 lb 
3r sq ft wind pressure 
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Table XXX 

Three phase Motor Out tent Capaoity for Different Sizes 


HP 

Cunent iii Anipeies 

Aveidgc* 


230 Volts 

400 Volts 

Efhciency 

(elt) 

150 

310 

193 

0 93 

140 

288 

180 


130 

268 

167 


120 

248 

155 


no 

226 

142 


100 

206 

129 


90 

186 

116 


80 

166 

103 


75 

154 

97 


70 

146 

91 


60 

126 

78 


50 

104 

65 


45 

102 

64 

0 92 

40 

90 

57 


35 

80 

49 


30 

68 

42 


25 

56 

35 

0 90 

20 

46 

28 


15 

36 

23 


12 

30 

18 


10 

24 

15 

0 80 

n 

20 

13 


5 

14 

8 


3 

10 

6 

0 75 

2 

6 

4 

>9 


Aveiago 
Powci 
(cos <f>) 


0 90 


0 85 


0 83 


0 82 


0 80 


Table XXXI 

THBEE PHASt CtTERLirT PEE kW POE Dll'PEBENT VOLTAOES 


Voltage on lane 

COS ^ = Powei Factoi 

100 

90 

80 

70 

220 

390 

440 

3,300 

6,600 

10,000 

22,000 

33,000 

2 628 

1*482 

1*314 

0*175 

0*875 

0*0677 

0 0263 

0 0175 

2 92 

1646 

146 

0194 

0 973 

0 0641 

0 0292 

0 0194 

3 28 

1852 

1 64 

0 219 

0109 

0 0721 

0 0328 

0 0219 

3 75 

2ni7 

1 877 

0 25 

0 125 

0 0825 

0 0375 
0*025 
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ASPECTS OP DISTRIBUTION LINE CONSTRUCTION. 

Wood poles comprise a very lai^e majonty of the poles wmimally 
used for electricity distribution, hence the wood pole is given preference 
in this volume 

The theoretical strength of the wood pole is dependent on its diameter 
at or near the butt, the modulus of rupture of the timbm^ used, and the 
taper of the pole In practice we may have a condition where the taper 
IS uniform such that the diameter at the gronnd-lme is greater than the 
cntical diameter, m which case the strength of the pole is mdependent of 
its he:@ht In practice, general conditions are such that the strength 
of the pole is reduced until its diameter at the ground-hne is less than 
the most cntical diameter (which is somewhat higher than ground-hne) 
and this strength vanes, dependmg on hei^t and diameter at ground-hne. 

Wooden crossarms also comprise the majonty of arms umieraally 
used for overhead distnbution hnes , very much greater use should be 
made of the wood crossarm m this country. Where used, they should 
face on the opposite side of the pole from that on which the maximum 
stram acts Where this is nncertam, as on straight runs where spans 
are equal and level, they should be faced alternately on succeeding poles, 
first m one direction and then m the other The pins should stand per- 
pendicular to the crossarm whec fitted The uisulator^ould be screwed 
up tightly on the pm. On stra^ht-lme work, where top-groove insulators 
are used, the conductor ^ould be placed m the top groove , for side-groove 
insulators, th^ diould be placed on the side nearest the pole. On all 
curves the conductors should be tied on the side groove away from the 
stram so that the insulator takes it At terminals or dead-ends and 
comers, double insulators or stram msulators are best. For straigdit< 
hne construction, double insulators are not necessary for ordinary spans 
and h d. copper conductors , where used, they provide greater safety 
than sm^de insulators. At street comras double insulators are often 
necessary, but rardy if ever along streets 

The size of crossatm and the number of pins depend on the size, 
number, voltage, and span-length of conductors The vertical spamng 
between the crossarms depends on the voltage, and the working space 
required, this latter is very important. Both wood and steel pins are used 
for secondary hues ; the former has its advantages. 

Secondary distnbutum conductors are usually covered with on^ 
two, or three layers of cotton braid impregnated with a weather-resisting 
compound This covermg is mtended to protect the hne to some extent, 
such as against mtermption to the contmmty of service due to accidental 
contact with trees or certam foreign Imes, etc Bare tie-wire diould 
not be used on covered conductors. In stringing conductors, the sigditing 
method may be used for dheckmg the dynamometer method. 

125 
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For every location the length of span is one of the most important 
functions of safety—this apphes to all Imes whether for transmission 
or distnhuhon of electncity. Thus, for a given hne passmg through 
villages and rural streets and roads, we may with greater security for 
safety to pnhhc either mcrease the loadmg conditions or decrease the 
span-length. The logical practice would be to fix the loadmg conditions 
for a given country or distnct {V, {% or ice and 8 Ih wmd for this 
country, independent of the voltage whether it be 120 V or 82 000 V) 
and limit the length of span accordmg to the location and 

construction of the hne. 

The overhead electric power line provides the most economical 
means of transmitting energy From the time it was first known 
that electrical energy could be generated in one place and used 
at a distance, the pole hne has proved one of the most useful 
engineering achievements And, as regards the relative cost of 
insulation for overhead and underground service, with the 
overhead system one can afford to put in sufficient insulation to 
provide for the severest conditions, whereas for the same require- 
ments in service conditions and for sufficient insulation, an under- 
ground system would cost very much more (seo p 1) With 
time, and as a given area becomes more and more densely popu- 
lated, so will the underground system Supersede and bocomo a 
necessity, but overhead lines must first pave the way in a manner 
to satisfy present requirements and economy until a certain load 
and population density, etc are built up 

Neglecting other important points already mentioned, what is 
reqmred perhaps as much as anything else at the present time is . 

Powder of compulsory expropriation for the imrpose of 
mstalhng overhead hues , 

Some power to make it possible to obtain joint occupancy 
of poles, and facihties for more use of roads or/and highways 
or/and cross-country wayleaves, quickly and on reasonable 
terms 

Overhead hnes are often greatly hampered by inadequate way- 
leave, and in many eases easements can be obtained only on special 
conditions not always satisfactory or agreeable 

Because of the supposed danger of high-pressure lines, many 
unduly severe restrictions have been placed upon their construction 
in this country It is true that if such lines are not properly con- 
structed they may constitute a danger to the public, but there is 
nothing gamed by enforcing construction standards much too 
severe 

A hne, or an extension, may start out to deliver the whole of its 
power to the far end, and remain in that condition for many years ; 
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or, it may grow quickly into a distribution system in which more 
or less load is taken off along the hne or extension as the case may 
be The operating engineer usually desires the best construction 
and design He is, nevertheless, usually compelled to consider 
closely the net revenue to be derived from any particular construc- 
tion in a given number of years The chief problems ever before 
him are what vull it cost and, will it pay He knows that no 
matter what the construction standards are, he must take the 
nsks and be saddled with the responsibility of life and fire hazards 
and so forth 

Main-hne service is exacting in every way, and the sub-stations 
or/and consumers connected therewith demand perfect service 
and can pay a higher price for rehabihty of service than can a 
secondary distribution hne Therefore, rural hnes of this nature 
may call for a relatively less perfect service at less cost , of course, 
there is no defimte measure of rehabihty, yet it is necessary that 
a rural line be so constructed and designed as to ensure adequate 
service The Electricity Commissioners and the Electricity 
Authority may have quite different conceptions of adequate 
service — ^the former provide a set of loading conditions, etc for hill 
and valley and every location and locahty (for this country), while 
the latter desires to aim at proportiomng the design and adopting 
safety factors to serve best the particular locality, climatic, and 
atmospheric conditions, population, etc , the pnncipal object being 
to give a rehable service at low cost , the latter aim is truly wise 
policy It IS well to remember that to rural consumers it rarely 
occurs that irregular service is expensive at any price, but the 
opposite IS always the case for a mam-power hne. 

The weakest part of an overhead hne may be the conductor, 
the insulator or its pin, the crossarm, the support or its foundation 
— ^generally it is the insulator, and this may be so whether the span 
be short, long, heavily or hghtly loaded 

For a hne of any voltage, if the cheapest, best, and most satis- 
factory operation is desired, the insulation of the conductors must 
be maintained The appropriate insulator depends largely on 
climatic and atmospheric conditions existing in the particular 
district, the kind of construcUon, the conductor, size and stress, 
and the length of span There is also the system and hne to 
consider — choose that system and line givmg best mechamcal and 
best electrical polyphase conditions capable of giving satisfactory 
polyphase operation when a phase transformer is disabled and/or 
when a phase-conductor is broken All these combined conditions 
give us the most ideal system and hne operation engineers are 
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looking for, the best of which (meeting these conditions) is the 
three-phase 4-wire system (see fig 6, and figs 32, 32 a) 

The function of the conductor itself is to transmit electnca' 
energy, and its matenal and sectional area should be so chosen 
as to provide safe mechamcal strength and best electrical efficiency 
for the range of temperatures and maximum loadings 

There is a correct ratio between the size and kind of conductor 
and permissible span-length for any given locahty and given 
weather-loading conditions 

In choosing the conductor metal, consideration should be given 
to the question of possible corrosion of that matenal used in the 
particular locahty For instance, steel and aluminium near the 
sea, where moist salt air is brought in contact with them, will 
sometimes corrode so rapidly as to present an increasingly dangerous 
condition if ordinary maintenance is given them (see also p 132) 

It IS sometimes stated that the vanations in sag with changes 
of temperature will be more in aluminium than in copper The 
increase m sag depends on the modulus of elasticity as well as the 
coefficient of expansion, and the effect of temperature is a function 
of their product For conditions of equal conduclivity (equal 
ohmic resistance), the relative values are 

Alummium=l 64 x 12 6 x 10“® x9 6^®* = 196 
Copper =1-0 X 9 222 X lO"* X 18i®“ =166 

For equal resistance, a hard-drawn aluminium conductor has 
approximately 1 64 times the sectional area of a hard-drawn copper 
conductor of the same length 

In calculatmg loadings it is always assumed that the conductors 
are loaded umformly throughout the span, and from span to span 
(see also p 45). All spans are designed on the basis of being self- 
sustained with a uniform stress in the conductors, but only where 
adjacent spans are level and of umform length is this condition 
strictly true in practice Adjacent long and short spans, as also 
sloping spans, have the tendency at some time to take away (by 
reason of total gravity effect) from the short spans in the one case 
and from the top spans in the other case, thus increasing the sags 
in the longer spans and increasing the sag of the lower span In 
makmg calculations it is better to take parts of the two adjacent 
spans, the proportion dependmg whether level or sloping (see p 79) 
In some cases, with unequal spans it may be better practice 
in stnngmg conductors — where overhead clearances are available 
— ^to allow relatively greater sag on the shorter spans than are 
usually given to other sections of the hne havmg similar size, kind 
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and disposition of conductors, and similar lengths of span, but 
with spans of equal length That is, a certain proportioning of 
sags in the various spans may become necessary to permit of a 
better balancing of tension, this also is good reason for making 
the calculations proposed on p 79 

Whether the span be short or long, each span mil be subjected 
to the same maximum loading for the same size and kind of con- 
ductor metal, and for that loading, if strung to regulations, the 
tension will be the same , however, in the case of the longer spans, 
the stringing tension will be less than m the case of the shorter 
spans because of the greater sag, and it wiU be least at the time 
of the highest summer temperature in still air 

The smaller the diameter of the conductor, the greater will 
be the ice-load in comparison with the weight of the conductor 
itself The wind pressure vanes only as the diameter, but the 
weight varies as the square of the diameter ; therefore the relative 
effect will be much greater on small conductors than on large, and, 
in consequence of this condition, ice-loading on small conductors 
should not be the same as for large conductors For 0 10 sq in 
copper conductor and less sizes, the same ice-loadmg conditions are 
less favourable (see fig 16, curve 25 lb , wmd without ice, and 
curve 8 lb., wind with |-m ice Also see fig 11) 

For equal overall diameter, the wind pressure and ice-loading 
on conductors and wires are approximately as follows . 

Favourable for copper conductors (which are often sohd) 
as they collect less, obstruct less, and retain snow and sleet 
less, than either aluminium, steel, or iron , 

Better for copper alloy than for alumimum, steel, or iron 
(see p 67) ; 

Better for alumimum than for steel or iron of equal overall 
diameter, as, with time, the two latter collect more sleet and 
snow and offer greater resistance to wind , this is due to the 
fact that they rarely maintain the smooth surface and that 
innumerable rust points are formed, etc. , 

And, exceptionally favourable for copper conductors based 
on equal conductivity. 

The spacmg (or separation) of conductors depends on their 
disposition (or arrangement), and if this condition is not known 
we are unable to obtain or ascertain the proper spacing of the 
conductors as also the most economical size of pole to use The 
mimmum separation of conductors is largely a question of swmging, 
and their ditance apart depends on the sag, ^ e. span, weight of 

9 
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conductor, etc For pressures up to about 25,000 volts, the spacing 
IS independent of the voltage, as a few inches of air-gap provides 
ample msulation The approximate sparking distances taken by 
needle-gap for different voltages are 


Voltage of Line 
6,000 
10,000 
16,000 
20,000 

25.000 

30.000 

36.000 


Sepal ation of Conductors 
in Inches 

0 225 
0 470 

0 725 

1 000 
1 300 

1 626 

2 000 


In most cases of secondary hnes, the object has been to choose 
the best arrangement of conductors independent of the inductive 
unbalancing, by domg so, head space and trouble from swinging 
and sag gin g aie often avoided Due to vertical arrangement 
{such as rack construction), instances are known of the upper 
conductor being loaded with birds or with snow to an extent 
sufficient to cause it to touch a conductor directly below Also 
maccurate sagging, shpping of the conductor from one span into 
another, and other causes, permit conductors and wires to get 
closer than originally anticipated in the design and construction. 

Loadmg conditions should not be fixed for every hne and all 
localities, they should respectively provide for factor of safety 

Accordmg to the design, and/or 
Accordmg to the territory traversed, and/or 
Accordmg to the construction, and/or 
Accordmg to reqmrements of law, etc and/or 
Accordmg to whether a straight run or crossing is con- 
sidered, and/or the length of span , 

Accordmg to Regulations^ the specified factors of safety are 
given on p 68 A higher grade of construction is required for 
the higher voltage hnes, such hnes are invariably mam power 
lines, and are inherently robust m construction Startmg the 
higher grade construction at, say, 325 volts is not justifiable 
Most rural hnes are situated m more or less open country, and 
therefore subj'ected to greater wind pressure and greater ranges 
of temperature than urban hnes This is one reason why the New 
Zealand regulations provide for 18-lb wind in rural areas and 
12-lb wind in urban areas For a densely populated area less 
wmd pressure can be expected than f(w an exposed and thinly 
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populated zone, but there should be a higher grade of construction 
for the former condition, the New Zealand regulations meet this 
by hmiting maximum span to 165 ft The temperature should 
not be a fixed value for the entire country (mountain and valley) 
with or without maximum ice-loadmg, which should also be 
different, as also should factors of safety for supports be subjected 
to different loading conditions The wind and the ice-loadings 



should be conservative for the particular district It is commonly 
assumed that the wind is horizontal in direction, yet, if the hne 
IS on the side of a steep hill, the wmd is more likely to have a con- 
siderable vertical component 

Comparing this country with that of U S A , we have a wide 
margin of safety for equivalent specified loadings due to the 
relatively milder chmatic conditions which obtain here Ex- 
perience has proved that in order to develop rural areas and give 
an economical and safe construction, the allowable stresses imposed 
must vary with the configuration and location (hiU or valley, etc.), 
with the position of a support m a hne (at a crossing or on a straight 
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run), and that the minimum overhead clearances of conductors 
must h© conservative Experience has shown that for rural lines 
in particular, and all lines in general, there should be no necessity 
to impose improbable loads which are considered to be possible, 
although probably not on record or only occurring so infrequently 

and in a particular locality, but not applicable to another — as 

to make their occurrence within any limited time very unlikely 
Apart from knowledge of the amount and the effects of loads and 
resultmg stresses, the right factor of safety depends on kind of 
construction, decay, corrosion, defects in materials, errors in 
designs, grade of workmanship, and so forth , and there is no 
reason to expect that such matters as materials, designs, and 
workmanship m this country are any worse, and decay and corrosion 
any greater than in other countries The kind of construction 
requires modification, as pointed out 

The material and type of supports for the conductor, their 
msulating properties, and the disposition of the conductors, all 
should be chosen with due consideration to the district and the 
probable future growth and extensions 

The present minimum allowable conductor sizes and kind of 
metal for conductors in U S A are of interest For the different 
metals used (see a, h, c, and d below), it is shown that the minimum 
conductor size varies with the loading district, with the length of 
span, and with the grade of construction — all of which have been 
found necessary to facihtate safe and economical construction 
For the medium loading district with which we are especially 
concerned, because it is practically the equivalent of the specified 
loadmg for this country, i e J-in ice and 8-lb wind, we have 


Span-Length 
m Feet 

Size of Conductor in Square Inches for Ruial and Uibaii Areas 


(6)1 

(<) 

(<?) 

150 

0-013 

0 013 

0 066 

0 0240 

200 

0 033 

0 021 


0 0383 

300 

0 033 

0 033 

0 083 


400 

0 033 

0033 




where (a) =Gopper, medium and hard drawn 

(6) = Copper-covered steel 
(c) = Alumimum without reinforcement 
{d) —Steel-reinforced aluminium. 

^ Mmimum allowable size also favours copper conductors 
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In the case of wood poles, the Bureau of Standards Rules of 1921 
allowed a fibre stress e^ual to half the assumed ultimate strength 
An improvement over these rules was made m 1927 which still 
further f avows constTuction in twdl afcas The allowable fibre 
stresses are vaned according to the grade of construction and 
whether poles are located at orossmgs or m other places For 
hne construction m rural areas the allowable fibre stress is greater 
for all places, which means a smaller size of pole than formerly 
allowed The loadings on conductor-supports are easier the 
former rules, the veitical loads are the same (but these are of 
httle import), and the transverse loadmgs for medium and hght 
loading distncts are much less, and these especially favour rural 
areas 

The allowable fibre stress for wood poles is 76 per cent, of the 
ultimate fibre stress for crossmgs, and 100 per cent elsewhere t,lni.Ti 
at crossings for grade 0 construction, which grade refers to supply 
hues of voltages rangmg from 760 to 6000 volts between conductors 
The transverse strength for this grade is not less than two-thirds of 
that required for grade B, this grade is for urban areas, and is 
superior The minimum pole-top diameter for both grades of con- 
struction 13 6 inches The ultimate fibre stress values have not 
been altered, therefore the allowable fibre stresses for the different 
timbers are a decided advantage for rural hues m particular For 
this country, with much less severe chmatic conditions to contend 
with, 7800 lb /sq. m fibre stress and 3 6 for factor of safety are 
taken, or 2230 lb allowable fibre stress for red fir creosoted poles 
Therefore, assuming that the ultimate fibre stress value of red fir 
is reasonable, as also that of yellow pine and other timbers 
used for poles in the USA, the relative percentage fibre stress 
allowable at the present time for rural areas and for voltages up 
to 760 volts is 


Location. 

Belative Allowable Fibre Stress 

British. 

American. 

At crossings 

Elsewtere 

40 per cent 

28 5 „ 

100 per cent. 

100 „ 


In other words, taking the British at 100 per cent., the American 
IS 260 per cent, for crossings and 360 per cent elsewhere. Also, 
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in urban areas for voltages up to 7500 volts, the relative allowable 
fibre stress is 


Location 

Relative Allowable Fibie 8tiess 

Bntish 

Ameiican 

At crossings 

Elsewhere 

57 per cent 

50 

100 per cent 

100 „ 


That IS to say, taking Bntish at 100 per cent , the Anienoan is 
175 per cent at crossings, and 200 per cent elsewhere than at 
crossings 

Note — Dense yellow pine is 6000-6500, and western red cedar 
IS 5000 lb /sq in 

As with wood poles, the allowable unit stresses for steel poles 
and towers vary according to the grade of construction , the allow- 
able stresses are also different for transverse strength and for 
longitudinal strength, which latter values are vaned according to ' 
the different grades of construction, as well as according to whether 
crossings or other conditions are considered The ultimate tensile 
stress IS given as 50,000-65,000 lb /sq in , and the yiold-point not 
less than half the ultimate stress — equivalent to a factor of safety 
of 2 0 The slenderness ratios for compression members remain 
as before A thickness of J in is not allowed, other thickness 
values remain as before, with the exception that where expenence 
has_^how’n rapid detenoration of galvamsed material, | in is the 
mimmum allowable thickness for mam members of legs and cross- 
arms Accordmg to the grade of construction and whether at a 
crossing or elsewhere, the allowable unit stresses range as follows 


Allowable Stresses for 

Tension. 

(Lb /Sq In ) 

Oompitssion, 

(Lb /Sq In ) 

Transverse strength 

i Longitudinal strength m line 
Longitudinal strength at 
crossings 

20,000-30,000 

33.000 

30.000 

20.000- 80 L/R to 

30.000- 100 L/R 

33.000- 100 L/R 

30.000- 100 L/R 


The abihty of a tower to resist its loadmg depends largely on 
properly designing and makmg the foundation and footing — ^the 
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principal loads being horizontal The allowable unit stresses on 
bolts and rivets are given as 


Umt 

For Trans veise 
Strength 
(Lb/Sq In) 

Pot Longituc 
(Lb/S 

Crossings 

anal Strength 

3q In) 

Elsewhere 

Bolt Bending 

40,000-70,000 

70,000 

80,000 

Shear 

20,000-35,000 

35,000 

40,000 

Rivet Bending 

36,000-60,000 

60,000 

66,000 

Shear 

18,000-30,000 

30,000 

33,000 


The mimmum horizontal separations between conductors are 
made a httle greater in the revised USA rules , they are given 
in terms of sag With reference to the vertical overhead clearances 
of conductors above ground, they remam the same as before, with 
the exception that for a span of 50 yd the clearance increase is less 
This, again, favours rural lines quite mdependently of the follow- 
mg values, which are for spans of 50 yd and under 


Minimum Overhead Clearance for Lme Pressures up to 750 Volts 

Across Roads and Streets in 
Rural and Urban Areas 

Along Streets m Urban 
Areas 

Along Roads in Rural 
Areas 

18 feet 

18 feet 

15 feet 


— The previous rules permitted this* vertical overhead clearance of wires above 
ground for a maMmum of 300 volts to earth, NOT 750 volts, between conductors, which is 
the present rule 


Much knowledge can be gained by discussing or analysing 
different safety and construction standards and practices, the 
object should be to seek for improvement and economy with safety 
The most open-minded are those who gain by the experiences ofi 
others, who follow tried, tested, and proven good practice, who ar^ 
wilhng to drop good things for better, who ha"?^ and accept infor- 
‘mation from anywhere^ provided it is sound, and who have thp 
courage and .strength to put through such improvements and to 
fight down all obstacles m the path of progress and development 
At the present time there is much to be done, as will be gathered 
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from the best practices m being, and those practices requiring 
radical changes. 

In its endeavour to provide for safety, the common practice 
and the law of this country xs to 

Employ double insulators for road-side lines , 

Employ double conductors at crossings, 

Employ a continuous earthed guard wire from pole to pole , 
Earth the neutral wire at one point only, 

Take ofi service connections at the pole only , 

Bond all msulator-pins where wooden arms are used , 

Limit the resistance of a guard to earth, limiting the result- 
ing leakage current to maximum of twice the leakage current , 
Attach the earth wires direct to the wood pole , 

Limit the loading on conductor and conductor supports 
to a maximum a c. voltage of 326, for |-in ice-loading. 

Limit the minimum overhead clearance of conductors by 
giving 60,000 volts as the minimum, ^ e a 325-volt line must 
have the same minimum overhead clearance as that of a 
60,000-volt hne. 

Limit voltage regulation for pressures up to 3000 volts to 
one-third that required for pressure above 3000 volts (rural 
district supply voltages will range between 3000 volts and 
11,000 volts), 

Bequme a subdivision of distribution mams to restrict 
areas hable to interruption of service , 

Bestncting any hne from crossing a garden plot 

For distribution hnes it is usually very bad policy to provide 
height which is just within the law and to neglect future possibilities. 
Such practice is hkely to prove false economy, because no overhead 
space IS left for additional conductors and wires or circuits, for 
distribution hnes, in particular, this is bad practice, hence there 
is greater reason for mimmum permissible overhead clearance than 
m the case of transmission hnes This same reasoning applies to 
the size (diameter) of poles, but this latter is still more important 
because, with ample diameter, height can be gained by pushing 
up existmg conductors on to a pole top-fixture, or by stringing 
additional conductors and attachmg them to a pole top -fixture 
—better still is it to provide ample height as well as ample strength. 

For a decreased loading of ice, say from |-in. or J-in. radial 
thickness, the height of conductors (and height and size of poles) 
can be made less for the same size, weight, and number of con- 
ductors; thus a less length and/or strength of pole is required for 
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the same length of span, independent of the loading for strength 
calculations For datum temperature (22° F ) and Trm.viTnnn 7 
loading the tension in the conductors for the same size and same 
metal is the same for J-in and J-in ice-loadmg, but the resultant 
sag is greater in the case of the ^-in ice-loadmg At all tempera- 
tures above 22° F the height of the unloaded conductors (for 
the J-in ice-loadmg) can he less, 
hence a less height of pole is re- 
quired than for a ^-m ice-loadmg, 
however, the tension m the unloaded 
conductor for the same conditions is 
greater in the case of the J-m ice- 
loadmg, but it IS always less than 
the maximum allowable tension 
This IS interestmg m showmg that 
for the same span-length, same size, 
and same weight of conductor, a less 
hetght of pole is required for the J-in 
loading than for the |-m ice-loadmg, 
and same wmd pressure m both 
cases, this again is further reason 
for recommending a less overhead 
clearance of conductors for the J-in. 
or A-in ice-loading 

Nature grows timber, from which 
the wooden pole is made, in such a 
way that it has approximately equal 
strength m all horizontal directions 
Where wood poles are used, they Pro — Tubular steel pole construc- 

should be standard, and should be 
of lengths such that when set m the 
ground to depths, as mdicated m Table XXXII , the conductors 
shah, have at least the minimum clearances from ground, 
highways, and crossings, as specified m Eegulations The mim- 
mum dimensions of the poles should not be less than shown in 
Tables X and XXXTTT As regards the poles themselves, they 
should be. 


tion for distnbution lines, showing 
the “ V ” guard (BenUy ) 


Out from hve timber. 

Free from dry rot; 

Well proportioned from top to butt. 

Not have curvatures greater than about 1 in in 8 ft 0 in , 


* Preessmg point=32° I" (see p. 77) 
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Not have a reverse curve , 

Peeled, trimmed, shaved, and roofed, etc , 

Treated by a good tn8ulM%ng preservative. 

The ground-hne diameter of a pole might be sufficient to give 
the necessary strength, but, due to the tapei of the pole, the top 
diameter of the pole might be too small, on the other hand, some 
poles have so httle taper that it may be necessary to apply a tape 
to the pole to determine which end should go into the ground — 
this, therefore, shows clearly a weakness in using top diameter only 
for calculating the ultimate load on a pole unless a definite minimum 
taper per foot of length is also specified The taper of a pole 
shoidd be known, because the greatest fibre stress of a “new" pole 
can be that point at which the pole diameter is I 5 times the diameter 
where the load is taken off, and this is usually at a point above 
ground-hne, dependmg on the taper of the polo The text-matter 
centres on the use of wooden poles for distribution lines in general, 
but not exclusively 

Poles are designed to withstand the stresses calculated from 
the estimated maximum loads to be earned by them Pole- 
strength calculations should be based on that part of a pole which 
decreases m strength in the quickest time While the ground-hne 
section of a wood pole may not be the most stressed section of the 
pole, it should always be so regarded because the wood almost 
always deteriorates most rapidly at this point, and it is at this 
pomt more than any other that sufficient strength must be pro- 
vided 

TimTier used for poles is strong as regards the vertical forces, 
but IS relatively weak for honzontal forces , because of this, calcula- 
tions for strength of poles are ordmanly limited to the effect of 
the honzontal force or side wmd, and side-stays are used to very 
great advantage In other words, it is the usual practice to 
consider only the transverse wind pressure which occurs on the 
hue conductors and wires ^lus the wmd pressure upon the hne- 
support itself, these forces tend to break a pole by cross bending 

Before settmg, all smgle poles or frames should be completely 
framed with crossarms, crossarm braces, etc where at all possible 
The poles should be set m the ground at depths given in Table 
XXXII ; m rook, poles may be set to a depth of 1 0 ft less than 
m clay or loam All holes should be dug large enough to admit 
the pole without foremg, and should have approximately the same 
diameter at the top as at the bottom, or, a rectangular-shaped 
hole, not larger than two diameters in width, can be made sloping 
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at one end (sometimes in steps from the sur- 
face to the bottom), in this way the pole is 
easily shd do^wn this angle into the ground, 
and it IS then set in one corner of the hole so 
that in t\^o directions it bears against sohd 
ground Poles should be set to stand vertic- 
ally when the line is completed, two plumb- 
bobs should be used on each pole to ensure 
this condition — this is important for straight 
runs and balanced or approximately bal- 
anced arrangement of wires Poles at line 
terminals, angles, and other points of ab- 
normal stress, might with advantage be given 
a slight rake against the direction of the 
stress After the pole is in position, only 
one shovel should be used in filling in the 
hole, while three tampers contmually tamp 
in the earth until the hole is completely 
filled When available, small rock should be 
used for filling, care being taken to fill all 
the voids with earth After the hole is filled 
completely, earth should be piled up and 
packed firmly around the pole, or, about 
two feet depth of the top portion may, with 
advantage, form a concrete mass Poles 
should be inspected after they have been fiq 
subjected to a heavy rainstorm, and any 
fillings that have sunk should be refilled 
Poles should preferably be set so that the 
gains (if any) in each alternate pole face each 
other (see also fig 19) 

With respect to the choice of a support 
(pole, frame, or structure) for distribution 
Imes in general, there is no q^uestion of 
doubt about the advantages of the wooden pole Apart from 
its lower cost, the wooden pole for distribution hnes always has 
been, and always will be, commendable because it has : 



18— Wood “A * 
frame using top es;ten- 
Sion and improved base 
for increasing earth 
resistance to uplift. 
(Henley ) 

To obtain the best 
operating conditions 
and a sater line, change 
this construction to the 
system,etc proposed by 
the author (see fig 6) 


Large strength m torsion, 

E^ual horizontal strength in all directions; 

An ideal outline to resist stresses, and 
Considerable elasticity to equahse unbalanced loading and 
relieve the line from ice-loading 
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In the of a wooden pole hne, which is the type more 

generally used throughout the world, and differs somewhat from 
other types, the most economical and most satisfactory design, 
construction, and operation are attained when (and only when) 
there is 

Ample stabihty and highest insulating value of the earth 
surroundmg and m contact, with the pole, it being heavy, 
compact, and free from decaying effects. 

Ample strength and highest possible insulating value of 
the pole itself, set to best care for the load imposed. 

Ample strength and highest possible insulatmg value of 
the crossarm efficiently secured to the pole. 

Ample strength of pin and satisfactory insulating value, 
if of wood, set well up m the insulator and efficient , 

Ample strength of the insulator with satisfactory flash- 
over value best smted to the locality, durable factor of safety, 
and efficiently supported. 

Strong and efficient tie wire or clamp if used. 

Conductor of the metal and covermg best suited to the 
locahty, strung to moderdte tension, free from brittleness and 
soft spots, and free from kinks or abrasions. 

Ample strength of stay wire (cable) of the most smtable 
metal, most efficiently located, set, tensioned, insulated, and 
guarded, 

'V^Tiere the overhead earthed wire is used (not recommended 
if not properly msulated from wooden pole construction), 
it be of the most suitable metal, of greater strength than the 
strongest conductor used on the hne, be of low-resistance 
metal, be properly tensioned, efficiently secured at each pole 
but insulated therefrom, and given the most direct path to a 
low-resistance earth. 

Relays and sectionalismg equipment and apparatus in- 
stalled and set so as to insure (if necessary) absolute positive 
action m the event of a very small leakage current-flow to 
earth. All these are met m the construction for flg 6 

The function of the hne support is to support the conductor 
and the electnoal eqmpment at a satisfactory height above the 
surface of the ground Wooden construction throughout, i e 
poles, crossarms, pins, and braces, offers the most economical 
means and best insulation per Ime support, and on many distri- 
bution Imes (which usually have shoit or ordinarily moderate 
spans) this type of construction is the safest , the pins and braces 
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are now more generally of metal The weakest support part is the 
wooden pm, but these are made for a breakmg strength up to 
around 1600 lbs , which is eqmvalent to the allowable strength of 
a 0 05 sq. in copper conductor, the wooden pin is used extensively 
(not m this country) for voltages up to 22,000 volts 

As the msulator is designed and generally chosen with the idea 
of securing the maximum mechanical strength imthout lowering 
the electrical flash-over, this should be mamtamed by its supports 
(the pole and crossarm and/or pm) which are m eleotncal senes, 
by following the same practice, and proper means should be pro- 
vided to ehmmate hghtmng danger to the pole and to give positive 
relay action without m any way lowenng the flash-over value of 
the line construction, which latter cannot be considered good 
practice as pomted out in the text-matter and fig 6 

Wood was, and is still, regarded as an economical material, 
and its msulatmg properties usually are, for dry ehmates m partic- 
ular and most ehmates in general, considered to be of real practical 
value in the operation of all voltage hnes, especially those designed 
and used for distribution of electrical energy Wood construction 
— chiefly the smgle pole — ^was always economical, and has given 
satisfaction for the operation of high-voltage hnes up to 220,000 
volts for the “H” type, and up to 66,000 volts for the single-pole 
t 3 q)e, approximately a quarter of a century ago the author used 
it for the latter voltage 

It IS poor engineenng to provide the most effective means for 
causing a breakdown of msidation, and then wait for troubles to 
develop and cause mterruptions of service by mtentionally imposed 
strain, etc instead of oonstructmg for, and mamtaining, every 
fraction of insulation and providmg propet means for looatmg (if 
desired) all the weak spots resultmg from age, atmosphenc and 
other conditions, excess stresses, and so forth 

Treated poles should not be handled roughly, sharp tools should 
not be used, and the poles should never be Ragged over jagged 
rocks, moreover, after erection, Imemen should not penetrate 
the pole with their spurs Poles should be protected from abrasion 
or penetrations which will permit moisture to enter and cause 
rot under the treated shell and loss of insulation, etc Poles should 
be sorted, and those with standard diameter tops used on straight 
runs, and those with extra heavy tops used on angles or other 
pomts of excessive strain, or where additional safety is required, 
as at crossmgs All wood poles shovM be properly impregnated. 

The conductors of an overhead line are far more immune from 
falling and of causing danger than are the hundreds or thousands 
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of secondary consumer’s mstallations connected to the line, m 
fact, the 240-Tolt a c consumer’s circuit should always be con- 
sidered dangerous to hfe An excellent pohcy would be to provide 
means at each hne support, or at any convenient distance, so that 
the sub-station or station is mformed of a leakage over any support 
or insulator — ^m this way faulty insulators are automatically located 
A tmy apparatus on each pole, set for a given wave-length or signal, 
and a receiver set at the station will answer this purpose Why 
burden up any pole or structure with porcelain strips and/or 
metal straps along wood crossarms, also a continuous earthed- 
vire guard earthed on every support * All these call for a higher 
and a stronger pole, and tend to increase interruptions and 
danger, as they (the latter) are vital to the most important 
requirement of any hne or circuit, i e its insulation, and the 
reqmred safety to hne and hnemen To decrease bird trouble, 
iTianlating material for metal crossarms is necessary, but there is 
httle excuse m the case of wood poles (for the voltages ordinarily 
used m distribution work) to bond the pins and/or to run a con- 
tinuous earthed-wire guard from pole to pole and/or to run an 
earthed wire down the pole in contact with the pole, and an 
earthed plate under or at the pole into ground steeped in creosote 
(which IS itself an msulator of some value), or in ground of exceed- 
%ngly high, resistance 

If the contmuous earthed-guard wire “must be used,’’ then 
in every case insulate it properly from the pole, and earth it at 
a distance from the pole, at frequent, selected, prepared, and/or 
tested pomts on the hne and/or terminals, it will in this way 
serve more than one useful purpose Insulating this earthed wire 
from the poles wiU mcrease greatly the msulating value of the 
whole hne, and it will largely dispense with bird trouble and other 
hne troubles, and decrease hne costs, as an insulator is cheaper 
than a porcelain bird-stnp, etc Moreover, if certain selected 
earthing and openmg points are made, many hnes wiU be able to 
use this conductor as a spare power conductor in cases of emergency, 
etc. The contmuous earthed “guard” wire would serve this 
purpose admirably, but it must be msulated from the pole, and 
other existh^ construction methods must be modified (see p 15) 

For wood poles, the earthmg of the crossarms results in the loss 
of valuable insulation from the wooden pin (if used), the pole, and 
the helpful non-conducting properties of the earth surroundmg 
and m contact with the pole, resultmg from creosote penetrating 
and mix in g with the surroundmg earth Conductors very rarely 
fall on the orossarms and, if they do, they are soon indicated at 
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the station and/or spotted by the linemen, a conductor 
on a metal arm or on an earthed arm might be melted and fall 
from the pole to cause greater damage and danger, whereas the 
unearthed crossarm (depending on the weather conditions and the 
Ime voltage) would more likely not cause any damage or danger. 
If the conductor is provided with another attachment, » e double 
suspension, as can be expected at angles and crossmgs which are 
the most hkely places for a broken wire, it would not faU from 
the pole, and the danger of burmng or charrmg nught then be 
confined to the orossarm itself in the ease of unearthed arms, but 
for such places there are double crossarms and double insulators, 
hence the conductor is likely to be held m safety (see fig 19a) 
Neglecting any particular locality or place (urban or rural for 
the former, and crossing-span or Straight-hne construction for 
the latter), there exist many diverse conditions de fining safety 
Independent of locahty or place, safety depends upon 

Having the conductors and/or wires at a Tnimmnm height 
above ground such that no hve part can come mto contact 
■vnth the highest wheeled traffic by a smtable margin — ^not 
a margin indicating lack of knowledge The margin cannot 
be fixed for all voltages or aU spans and sags, nor can it be 
fixed for all places It is unsafe to make it too low, and it is 
both unsafe and costly to make it too high 

A given pole is subjected to less stress when it is short and 
least when it is shortest, hence from this view-pomt it is safer 

Double suspension, ? e double insulators per conductor, 
provide a safer hne 

The conductor offermg highest strength, highest conduc- 
tivity ^ IS the best and safest 

Staymg of the supports (poles and/or crossarms) and m- 
sulating the stay provide a safer hne 

Employmg the best electrical system provides for a safer 

hne 

Proper protection mstallation and mamtenance provide a 
safer hne 

Proper earthing of the neutral provides a safer hne 

Non-bondmg of pole ironwork (hardware) provides a safer 
hne 

1 This IS a copper alloy conductor giving 77 per cent conductivity and 30 per 
cent greater strength for e^ual size of the cdl-copper It is called by the trade name 
Hitenso “ BB ” Bor equal conductance it has 60 pet cent greater strength It 
a^ has the same modulus of elasticity, same co-efficient of expansion, and same 
density as copper , it is a good conductor to use for rural hues and 2onp spans 
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Employing multiple earths provides a safer hue 
Keepmg a wood-pole line well insulated provides a safer 
hne ^ 

Accidents and failures are, generally speaking, not minimised 
by having a pole or hne as high as possible, and by placing so-called 
guards along the whole or a part of the line (see fig 17) On the 
contrary, it is too often found that 

A large number of hne failures are due to conductors or 
other parts of the hve hne being burnt by “safety” devices, 
thus causmg or startmg failures, 

The “V” or other so-called guards provide greater danger 
to hfe and are a pest to hnemen. 

Broken telegraph and telephone wires are very much more 
numerous than broken power conductors or wires connected 
with the system, and they are a far greater source of danger 
to life than power conductors, as they are principally along 
pubhc highways and roads where motor traffic runmng at 
bigb speed can easily get entangled, and they sometimes cross 
above power conductors, and are strung to different factors 
of safety and tensions, and they rely to some extent on the 
behef that due to very low voltage they are safer than power 
conductors 

Another important matter to have in mind is that, with 
reference to the bondmg of insulator pms, the bonding of pms has 
the following disadvantages 

Insulators of much higher ratmg are necessary to give 
equally satisfactory performance when pins are earthed 

The bonding of msulator pms results in an increase in the 
stresses imposed upon the msulator 

Earthing of pms wiU permit a larger flow of current into a 
fault 

Earthing of pms shows a great increase of stress imposed 
on the insulator 

Belay and sectionahsmg methods dispense with this large 
current flow to insure positive action to operate relays without 
the earthing and bondmg resorted to in this country 

Operation is impaired, better operation is secured from 
unearthed msulator pms for all distribution voltages, whether 
the system is earthed or not. 

^ If an eaxlih 'wire must be ta>ken up a pole for any purpose, insulate it from the 
■wood pole, from the pms, and from the orossarms 
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Chance of poor or broken bond and/or earth connections , 
experience has proved that trouble of burning or charring 
of arms or poles for low-, medium-, and high-voltage hnes is 
practically ml where wooden crossarms and pins are not 
earthed or bonded 

For voltages above 3300 volts it is customary in this country 
to provide the top part of crossarms with an insulating sleeve or 
strip of porcelain or fibre, or some eqmvalent arrangement to 
prevent birds shorting the hne , it is also the practice to do practic- 
ally the opposite thing, i e provide the top or bottom part of cross- 
arm (along its length) with a metal stnp or strap, and attach it to 
the insulator pins 

Crossarms of wood should be of sound, straight-grained, selected 
timber, free from shakes and knots, oak, fir, and pme are best 
Crossarms which have more conductors dead-ended on one side 
than on the other may have to be stayed from the end of the arm 
carrying the greater strain The use of crossarms of steel channel- 
section is common in this country for all voltages, very much 
wider use should he made of oak crossarms The advantages of 
wood over steel, for crossarms, are by no means of small import, 
they consist of 

Reduced stram on insulators, that is to say, the metal 
crossarm results in poorer insulation even when non-earthed, 
and, if earthed, there is the danger with metal arms of burn- 
ing or weakening of the wood pole at the pomt of its attachment. 

Greater safety for hnemen 

Decrease of bird troubles. 

Less disturbances and interruptions of service. 

Action of the wood as a resistance in series to earth. 

Reducing the chance of a power arc in case of a spill-over. 

For all ordinary spans, for poles and frames, experience 
has so far given no evidence that the mechamcal strength or 
durabihty of wooden crossarms is not ample, or that they 
are less rehable than the pole itseK On the contrary, long 
and varied experience has proved that the steel arm is not so 
safe or satisfactory from the chief standpomt — operation. 

There should be no objection to the use of wood on any 
part of distribution hnes for voltages up to at least 11,000. 

Through bolts and gains for the required number of crossarms 
should be cut and bored, respectively, before the pole is set. Gams 
should be out vertical to the axis of the pole, except in cases where 

10 
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the orossarm mil be loaded more heavily on one end than the other, 
m such cases the gain might be cut so that the heavily-loaded end 
of the orossarm mil be sligUly higher than the other end before 
the conductors are strung Where gams are made, they should 

be cut to fit the cross- 
arm securely, and should 
Through Soft not be less than about 
I in nor more than 
about I in deep Poles 
which are to carry steel 
crossarms should not be 
gamed, all wood poles 
need not be gained, as 

Fig X9 — ^Method of attachirig oroasarms to poles 
out the need of gaming the pole It spaces the cross- ©XCOllent fittings 

arm away from the pole so that the drainage and are obtainable (see fig 
ventilation almost overcome decay to the pole and -j qs 
crossarm at the pomt of attachment 

Metal braces are gen- 
erally used below crossarms Where they are used they may add 
considerably to the strength of a pole, for the reason that they 
help to distnbute the load on the crossarm and to decrease the 
resultant pomt at which the conductor stress is applied Cross- 
arm braces of angle or channel-iron section are better and stronger 
than flat stop With this type 
of brace the fulcrum of the lever 
is transferred from the through- 
bolt to a pomt over the brace 
end, the brace acting as a strut 
under compression With this 
type of brace the safe load that 
can be earned is not far short of Qonnlotion 
four times that of the older 





method of bracing, and the cost —Desirable pm support for re- 

of conatrnntion ia orossarm yet pro- 


of construction is increased but 
a few pence per pole 

In districts where the atmos- 
phere is had, such as the neighbour- 


vidmg for much, heavier longitudinal 
loading This practice and that shown 
in fig 19 represent latest overhead dis- 
tribution construction 


ing areas of eoal-burmng and chemical works, or where fogs often 
occur, and near or at the sea coast where salt spray is thrown up, 
the spark-over voltage of insulators is reduced very appreciably, 
yet, dehberately added to this weakness, regulations require that 
we apply a dangerous reduction by the use of metal and earthing 
continuing all the way from the ground up to the insulator pm 
and/or along an earthed wire to places along the whole line offering 
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the least ground resistance or best short-circuit path In some 
parts of this country the climatic and atmospheric conditions 
are sufficiently severe on msulation, as we have to contend with 
deposits of soot, cope with salt spray, contmual rams, coating of 
dirt or dust, etc until insulators have to be washed, or otherwise 
they become semi-conductors — whence there is a greater necessity 
than exists in most countnes for retainmg all possible insulation 
value of the hne construction. Due to the practice referred 
to above, which the wnter cannot recommend, the theoretical 
factor of safety of insulators is practically wiped out, con- 
ditions are relatively worse for the lower-voltage hnes, which, 
with wooden supports, provide for a relatively hig her value of 
insulation than the higher-voltage hnes, because the insulation of 
the hne for the latter is relatively less dependent on the wooden 
support, which is the all-round best support for distribution hnea 
in general 

For the higher-voltage hnes (60,000 volts and above) removed 
from the sea coast, and where trouble from fog or soot is not ex- 
perienced, the use of wood poles and structures in the place of 
steel poles and structures also proves, from the msulation stand- 
point, to have some ment — that burning can be prevented by a 
shunting resistance, and the shattering of pole by providmg a 
shunt gap For the lower voltages it is of greater importance, 
because advantage is taken of the insulation of the wood, which 
IS considerable in dry chmates, and is the same value independent 
of the hne voltage In certam locahties, and for some countries, 
wood-pole lines with the conductors earned m a horizontal plane 
at the minimum permissible distance from the ground-line some- 
times provide a hne freer from hghtnmg trouble without the use 
of the overhead earthed wire than a steel structure eqmpped with 
two of them, troubles from flash-overs, birds, chmbing animals, 
soot, smoke, fog, salt spray, cement dust and dirt, are also reduced. 
The most important disadvantage is the possible leakage over 
weak insulators, for low- and medium- voltage lines the most 
important disadvantage is the possible shattenng of the poles 
by hghtnmg — ^a very remote possibihty for most countnes 
and for this country m particular, and obviated by using a 
shunt gap 

In the discussion of this subject, the system and line must be 
taken together Underground construction cannot be compared 
with overhead construction, and in methods of protection and 
other matters, a distmction should be made. However, for over- 
head distribviion lines, it should be kept in mind that there are 
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at least four outstanding principal requirements for the best 
system and hne, namely 

1 The best-planned Ime as regards safest location from 
every point of view, and one offering reasonable accessibility 
for inspection, etc Wooden construction well meets this 
requirement 

2 The most economical line, consisting of standardised 
materials and constructed by skilled workmen under proper 
supervision, in accordance with reasonable standards of safety 
Wooden construction certainly meets this rcqnirement 





Fig 20 — ^Iwo types of pins — one method requires part of the orossarm to bo 
out away to fit the pm, thus weakenmg the arm, while the othei method 
actually gives strength to the wood crossaim and mci oases its life 


3. A line possessing the highest insulation throughout for 
a given insulator rating Wooden construction best meets 
this reqmrement 

4 A symmetrical polyphase system, and line circuit of the 
least number of conductors for combined light and power, 
and over-voltage protection, offering the best all-round 
advantages for normal and abnormal operating conditions, 
and a system and line capable of supplying satisfactory 
polyphase service when one hne phase-conductor and one 
phase-transformer are put out of commission The three- 
phase 4-wise system and circuit best meet these requirements. 

On many hnes, e h t hnes in particular {i e voltages of 15,000 
and above), pins should be of metal, and they should always extend 
well up into the msulator, in order to reduce the mechanical stress 
upon the material of the insulator, to be most effective Where 
long-stalk pins are used, a broken conductor develops a very large 
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torsional effect upon the crossarm, and an excessive bending stress 
upon the crossarms on corners or angles To get the most out of 
an insulator, a good pin is essential, because the pm and the in- 
sulator should always work together — mechamcally and electrically. 
Only when considered in this respect, mcludmg the full insulating 
value of the pole and fittings, can the maximum effective insulation 
and life be expected Inadequate pm support may result in loss 
of much of the effectiveness gamed by careful and wise insulator 
selection The %ohoU chain of insulation should he maintained the 
highest, and the factor of safety retained the longest, hy eliminating 
weak links in line design and construction 

As a general rule, it is better to have only wooden supports 
throughout a wood-pole line when serving important loads with 
no duplicate or other source of supply The problem is sometimes 
that of nursing weak msulators (weakened from one cause or 
another) in order to maintain service with a partial or weak earth 
on some part of the line or system; this is often a desirable 
feature from the view-point of the operating engineer. Relays and 
sectionalismg devices are available, and they can be used to insure 
positive action without earthmg the pins, arms, or poles In the 
case of an ‘‘insulated” wood-pole hne, when an insulator is broken 
or cracked, or lightning jumps across it, there remains the m- 
sulation of the wood to protect the Ime , m certain cases the wood 
may burn off at some point and an interruption of service may 
(or may not) result therefrom In the case of earthed crossarms 
and earthed-insulator pins, every failure of the insulator is a low- 
resistance (and may be heavy) short-circuit on the hne, and 
depending on the system used, aU the harmful results that follow 
a short circuit of an a o system may happen each time a disturbance 
occurs on the system 

The requirements of a metal msulator-pin are that 

It will not crack the msulator by bending or distortmg 
within the area in the pm hole ; 

It wiU be capable of withstanding a load equal to its rated 
strength with not over 10° bending. 

It will not mjure the insulator by expansion. 

It will be quickly and easily adjusted to ahgn the top-wire 
groove of the insulator with the conductor, 

It wiU be made apphcable to either wood or steel crossarms , 
It will be clean and simple in design, have a munmum 
number of parts, and occupy a mimmum of space withm the 
msulator, so as to provide a large free space between the pin 
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and the insulator shell, and an entire absence of ridges or 
fins, so as to reduce arcing within the insulator 

In nging the standard beam and column formula) for computing 



Fig 20a — Galvanised (spindles) Pins {Henley j On the left is a oovo-seated 
s^vdU, while the taper screw is shown in the middle , with both tlicso tJie 
insulator is fitted with a thimble, cemented in The lead-topped spzndle is 
shown on the nght— it is screwed directly into the insulator without a thimble 


the theoretical strength of crossarms or pms, several discrepancies 
are found, such as. 

Loading is either complex or is eccentrically applied, and 
IS extremely variable and sometimes mvolving a large impact 
loading and not direct, which is the assumption of the beam 
and column formulse 
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The combined action of steel and wood is usually different 
from that of any one material alone 

The materials are not stnctly ngid as assumed in formulae 
The materials are rarely true to the shape assumed in 
formulae 

The threads of pins, of bolts, stay-rods, and so forth are 
subjected to rust, and it is often difficult to take off nuts, 
to avoid this trouble they can be thickly coated by brushing 
or wiping over them a solution compound of tallow, tar, 
and pitch 

Where the construction is of wood crossarms, non-earthed 
insulator-pins, and a wood^ole free from earthed wires (which 
practice permits of the highest possible flash-over voltage), faulty 
insulator and the respective location can be automatically indicated 
to the operator at the station, or to the lineman (at his section-house 
or any other reoeivmg point), or they can be detected by means 
of a head-set of wireless-telephone receivers with portable aenal, 
this also IS of much practical importance for stay-wire mstallations, 
which are the more hkely pomts for leakage current, as they 
represent stram and excess stress positions 

Bonding may in rare cases be necessary where a line is located 
on the sea coast, or where dust is blown from cement works or 
steel mills Tor rural distribution hnes m general, pm-insulator 
connections should not be bonded unless or until there is sufficient 
evidence (due to inferior insulators, or a too high voltage on 
primaries, or/and to very bad atmosphere, etc ) of chamng Tor 
voltages up to about 22,000, expenence has proved that bonding 
of insulator-pins is quite undesirable 

Tor smgle-circuit hnes of copper up to 0 10 sq m , single poles 
for spans up to about 250 ft can usually be used, and for double- 
circuit lines of copper up to 0 15 sq in , “A” frames are economical 
up to about 400 ft spans, according to the foundation, respectively 
Tor wood-pole construction the hnut of span-length is very rarely 
determined by the mechanical strength of the conductor Tor 
moderate spans, wooden poles usually prove more economical m 
first cost, and for this country, need less maintenance than steel 
frames of structures, which are highly corrosive m this atmosphere 
if not effectively galvanised The higher voltages have been one 
of the chief causes for mcreasmg the length of span, the purpose 
bemg to reduce the number and consequent costs and hazards of 
the extra-high voltage msulators to a minimum. 

The most economical span-length should be longer the higher 
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the voltage, the larger the conductor, and the greater the number 
of conductors per support For a given span-length, the cost of a 
support mil be greater the higher the voltage, the larger the 
conductor, and the greater the number of conductors supported 
per support It is not the theoretically most economical span- 
length the operatmg engmeer requires, of far greater economic 
importance is contmuity of service as well as high-servioe standards 
during the hfe of the line, which latter must also be considered 
m terms of the longest penod of years 

Span-length is mcreased by takmg the very best advantage of 
the profile of the country crossed, and by keeping as close as possible 
to the allowable minimum height prescribed by law Several 
methods are available for reducing or keeping a Lne to tho allowable 
minimum ; some of these are 

Decrease the hne voltage 
Provide a flat arrangement of conductors 
Provide a mmimum possible separation of conductors 
Decrease the span-length 
Employ a higher strength conductor 
Decrease the size of conductor but maintain tho strength 
Decrease the weight of conductor 
Make the best advantage of the profile 
Employ a conductor metal m which the vanation m sag, 
mth changes in temperature and load, is smallest 
Use pm-type msulator construction 

Dispense mth the earthed-wire guard or use ijb as part of 
the circmt. 

Have the present-day mmimum height value (m Regula- 
tions) relaxed. 

Some of these cancel out others, and for best practice some are 
outweighed by other more important advantages and requirements 
For every case there is one particular span which is the most 
econoimcal and practical In fl.at country, designs are mainly 
based on strength m the transverse direction of the hne, except 
at as few pomts m the hne as possible, hence, wind pressure is 
of the greatest importance, ^ e the kind of metal to use for con- 
ductor is of greatest importance (see p. 71), and copper has the 
advantage. 

The economic line cost mil increase mth the hne voltage, but 
the economic span-length will decrease mth the decrease in voltage 
for the same size and kmd of conductor material For high- 
strength insvlatoTS the more correct economic span will be longer. 
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Pole depths depend on the length of pole and whether they are 
on a straight run or at an angle, m earth they are usually made to 
a depth of one seventh of the length of pole for poles up to 50 ft 
in length Wood-pole setting also depends on the kind of ground, 
and several methods are available, namely 

In rock , set poles to a depth from 1 ft 0 in to I ft 6 m less 
than in good sound earth (see Table XXXII ) 

In soft earth , so soft that poles cannot be made stable by 
braemg or staying, set them in bog-shoes 

In concrete, where exceptional stabihty is required for 
a pole setting, place the pole in concrete The concrete filhng 
should extend at least 1 ft 0 in from the pole on all sides and 
be earned about 6 in above the ground level and beveUed 
to shed water, the mixture in general should consist of one 
part of cement, 2 6 parts sand, and 6 parts broken stone or 
clean large gravel The pole should be solidly braced m 
position and the braemg left until the concrete is hard 


Table XXXII 

Peaotioal Setting or Wood Poles in Good Sound Earth 


Length Overall 
m Peet 

Stout Poles 

De^th in Giound in Foot 

(Butt) 

Indies 

Dialneter 

(Top) 

Inches 

Diameter 

Straight 

Lines 

Curves * Corners 
and Extra 
Strain Points 

30 

10| 



6 

35 

Hi 

7f-8^ 


6 

40 

12 


6 

6^ 

45 

13-13i 

7^9 


7 

50 

14 

7^9 

H 

7 

55 


7^9i 

7 

7^ 

60 

15J 

8-9| 

7 

n 

65 

15H6i 

8-H 

n 

8 

70 

16-17 

8-9i 

n 

8 


A common method of computing the strength of an anchor 
is to figure the weight of a cone of earth with its apex at the anchor, 
base at the ground surface, and sides at the characteristic angle of 
surface of the soil Actually, this action takes place only near the 
surface of the ground, and at the depth at which anchors are 
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usually buried, the strength depends rather on the area of the anchor 
and the resistance of the ground itself to compression 

The strength of wooden poles or frames set in concrete, or 
where the base is otherwise rigidly held, may be taken as approxi- 
mately double that for ordinary setting in earth for equal depth 
of setting Where frames or structures are used, the setting is of 
extreme importance In this country it is usually stated that 
the wooden ‘‘A” frame is 4 5 times as strong as a smgle pole of 
the same diameter as those formmg the frame In considering this 
or any other relative strength value, it is necessary to have in 
mind that the strength of such frames will not be reahsed unless 
that portion of each leg in the ground is prevented from moving 
relatively to the other, and ordinary setting is never likely to effect 
this, so that much stronger trussmg of the poles must be adopted 
and/or the frame must be set in concrete, which is the best solution 
when considered m added hfe, increased strength, and increased 
factor of safety, etc The strength of the “A” wooden frame is 
a little better in practice than the ‘‘H” frame, but this latter type 
has many advantages The '‘H’" frame lends itself to more 
convenient arrangement of conductors, and the cost of bracing is 
offset by a saving m height for the same length of pole as compared 
with the ‘"A” frame With both types, the frame will generally 
up-root before breaking, hence the foundation is the principal 
deciding factor and not the frame Two poles properly braced 
together are stronger than the same poles spaced in A or H or any 
other form Provided the foundation of an ‘"A” or '"H’’ 2-pole 
frame has ample resisting strength to uplift, it is no stronger 
than 1 67dl of the single pole, where d is the diameter of single pole 
In other words, for equal strength, the single pole must have 67 per 
cent greater diameter than the poles ^ of the '"A” frame, which 
gives support diameter ratio of 2 1 67 in favour of the single 
pole, with less ground space and less surface exposed to rot, etc 

To arrest ground-line pole decay, and at the same time "provide 
a perfectly sohd filhng between the pole and the upper part of the 
excavation, the top few feet of the hole should preferably be fiUed 
m with well-tamped concrete, fimshed at the top with the surface 
raised above the ground and slopmg away from the pole, forming 
an effectual watershed 

Where wood crossarms are used, one or two thicknesses only 
are earned m stock, the mini mum sizes vary with the crossarm 
length and number of conductors carried, that is, the length of 
level arm and the possible stress due to both vertical and longi- 
1 In practice, the str&^h of the “ A frame is often that of the two poles only. 
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tudinal loads vaiy with these factors The ordinary oak crossarm 
wdl withstand, with a good margin of safety, the total vertical 
load of all ordmary conductors under the assumed maximum 
loading conditions up to spans greater than that which a single 
pole IS ordinarily subjected to, furthermore, it is as durable as 
the wood pole itself Tor crossings, corners, and for heavy loads, 
larger or double crossarms are always advisable The conductors 
may, at some one temperature and loading of wind and/or ice exert 
balanced forces on the crossarms m tangent sections of pole hnes 
At other temperatures and loadmgs the forces may be to some 
extent unbalanced, but the longitudmal unbalancing will not be 
severe except at angles and dead ends, unless and until a conductor 
should fail The transverse wind load may break fastemngs of the 
conductors and crossarms, hut the vertical load is usually the most 
serious for crossarms Double crossarms properly blocked should 
be used at crossmgs, at unbalanced corners, at dead ends, and on 
long spans, as an extra precaution to provide additional strength 
as well as additional conductor fastenmgs Double-crossarm 
construction prevents the crossarm from tiltmg after being under 
contmual strain for long periods of time, which might cause oertam 
pins to pull out There is no necessity for using the double- 
crossarm, and httle or no excuse for usmg — with medium or small- 
sized conductors — double insulator short span or ordinary span 
construction alongside of roads, as reqmred in this country At 
strain positions, crossarms sl^ould be fixed so that pull draws the 
arm to the pole and not from the pole. 

Where crossarms are used, the use of spreaders permits a number 
of services to be taken from one or both sides of a pole with equal 
clearances from the hue conductors, and is of special value where 
jomt occupancy of poles is in practice (see also fig 44) Service 
connections and branches can be tapped off mams by the aid of 
these spreaders (or spreader-brackets), making use of crossarms 
already mstalled and m use By using spreaders, arranged to 
fasten to the crossarms by means of clamps, the danger of the arms 
beconung detached is avoided 

For pnmary and secondary hne construction there is the choice of 
usmg vertical or horizontal arrangement of conductors, the choice 
may be somewhat aggravated m crossarm versus rack secondary 
construction for secondary mams Some of the advantages for 
the horizontal arrangement of conductors or wires are as follows. 

Less height of pole for same number and same size of 
conductors. 
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Less total wind on conductors , 

Less size of pole for same number and same size of con- 
ductors, 

Much superior insulation where wooden non-earthed con- 
struction IS used, 

Less chance of short circuit of all circuits with one broken 
conductor, or earth, with loose or shpping tie wire. 

More accessible for single- or double-circuit arrangements ; 

More capable of easy duphcation of circuits , 

Better balance of load, where only one side of vertical rack 
or other arrangement is used, 

Much less danger from bird trouble and earths at the pole, 

Less chance of short circuit due to ice falling from con- 
ductors unevenly, or due to number of birds on conductor 
in centre of span , 

Pole top bracket can be used much higher than top of pole ; 

As the number of service wires for most rural lines will be 
four at the most (two single-phase, or one three-phase 4- wire, 
circuits), the horizontal arrangement using one orossarm will 
permit cheaper and safer hne construction 

As regards the vertical rack-arrangement of conductors, some 
of the advantages over the horizontal arrangement are * 

Possibly less total snow on all conductors, 

Possible advantage m the crossing of conductors when 
makmg taps ; 

Possible closer spacing of the phase-conductors by the 
vertical arrangement (see also fig 10, right-hand side). 

When only a hghting circuit branch of one or two wares is taken 
from a pole, the tap is often made by the use of spreader-brackets 
which are, fastened to the crossarms All taps and connecting 
wares passmg from one level to another for vertical or horizontal 
arrangement of the conductors on a pole should (as far as possible) 
be perpendicular, and all taps, branch wires, and loops crossmg 
from one side of the pole to the other side should cross horizontally, 
^ 6. be carried across the pole to the end of the crossarm, then 
continued from the orossarm to the consumer’s service connection 
in as direct a line as possible, makmg the run, as nearly as practic- 
able, in a horizontal direction, they should preferably be made 
on one side of the pole only, i e the crossarm side, in order to keep 
the other side of the pole free for chmbmg, makmg repairs, etc 

In this country, it is specified that service hnes shall be 
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connected to line condnctors at a point of support only, and shall be 
fixed to insulators on consumer’s premises, and that every part of a 
service line (other than a neutral conductor connected with earth), 
which IS accessible from a building with the use of a ladder and 
so forth, shall be efficiently protected by insulating material or 
by other means Por the most successful operation of any line, 
the important requirement is insulation, and the general tendency 
is to mcrease the spans In this country span-lengths are limited 
by law, and one of the most important limits for secondary lines 
is that of making taps at the pole only, also taking off service taps 
at a certain permissible angle With proper line construction, 
service taps may be taken off anywhere, in this way we may 
obtam at least five advantages providing safety and greater 
economy m construction, namely 

A better insulated hne, as no earthed or rigid support is 
used — ^insulated spacers are used. 

Use of much longer span construction than is possible 
with present methods and restnctions, 

Greater safety is more likely to be provided against a 
broken wire falhng and becoming a danger, because it can 
often be held up owmg to having direct or/and the straightest 
possible service runs from side to side of a street, which leaves 
little or no surplus suspended wire to sag as would be the case 
in most cases when taken from the pole direct to consumer’s 
service connection , 

A cheaper secondary hne distribution. 

Neater appearance, as all residential lighting service con- 
nections are taken direct 

All taps and connecting wires runmng from one level to another, 
and from one side of the pole to another, should be made in vertical 
and horizontal runs, and in such a manner as to maintain at all 
times the clearances required for safe and good practice All 
bends should be made neatly at right angles, and free from kinks , 
the radius of the bends should not be less than 1 in For 0 05 sq in 
and smaller conductors, taps may be made by taking not less than 
three complete turns (long wraps) of the tap about the conductor , 
cleaned thoroughly, and soldered For larger conductors the tap 
may be made by wrapping the tap tightly to the conductor with 
soft-drawn 0 0025 sq m wrapping ware 

For the higher voltage hnes and larger-sized conductors, the 
conductor should rest on top of the insulator, and a proper top- 
tie made The conductor should be attached to the top of the 
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insulator on a straight run of line At angles or corners the con- 
ductor should be attached to the side of the insulator, and always 
on that side where the strain will come on the insulator and not 
on the tie- wire For lower voltages and smaller sizes of conductor, 
the side tie is satisfactory On straight runs, and where conductors 
are placed on the side of insulators, conductors on pole-pins (where 
used) should be attached on the side of the insulators foremost 
from the pole, other conductors (on the crossarm) should pre- 
ferably be on the side of the insulator nearer the pole AH ties, 
insulated or bare, should be made with wire and/or insulation of 
the same material as the line conductor, and should be soft-drawn , 



Fig 21 — top wire-tie which combines secunty and economy 


no tie-wire should be used a second time Clamps may be used, 
but they are more expensive and not so flexible 

If a hne conductor is allowed to be free m the groove on the 
top of an insulator there is a tendency, should the conductor 
elongate from any cause, for the whole of the sag to be concentrated 
at one point For instance, it is rare that two poles are at exactly 
the same level, and often the conductors are run “up-hill,” in 
which case, if they are not tightly held in the insulators, the span 
at the foot of the slope (or at the lowest level) may get more than 
its share of the sag — ^perhaps far too much Ordinary tie-bmding 
IS not, as a general rule, capable of withstandmg a greater longi- 
tudinal pull than about 25 per cent of the breaking strength of 
the conductor it is holding It is not exaggeratmg to say that 
one of the most skimped parts of a hne is that of the tymg down of 
the hne conductor to the msulators See clamp arrangement in 
fig 22 

Where possible, make joints at the pole where the conductor 
can be so arranged as to reheve the jomt from strain Sphces 
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should be made so as to be secure mechamcally and electrically 
before solder is apphed Por solid, medium, and hard-drawn 
copper (conductor of 0 06 sq in and smaller) the two ends to be 




Fig 22 — Showing praofai^ of orossarm and pm and type of holder (chp and damp) m 
place of a tie (binding) wire (Henley ) 

spliced should be scraped perfectly clean and free from insulation 
(if msulated) for the necessary length, and each should be given 
one complete wrap foUowed by at least four complete close-up 
wraps about each other The ends of the wrap should then be 
cut close to the conductor, and the entire joint well soldered 
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Solder should be used on medium hard-drawn wire in such a way 
that it will not anneal the wire, and the solder burrs should be 
wiped off and the entire joint covered with friction tape to the 
same thickness as the insulation (if any) of the line wire For 
sUanded conductor, the end to be sphced should be scraped per- 
fectly clean and free from insulation for the necessary length, and 
then unstranded , the wires should be spread, pulled straight, and 
thoroughly scraped and cleaned The wires of the strand should 
then be interlaced or dovetailed and pulled out so that they lie 
closely along the cable , and then the wires be served individually 
at least six times around the cable and cut off close to it The 
whole joint should be thoroughly soldered and taped to the same 
thickness as the insulation of the cable Other approved (wrapped 
or spliced) joints may be used as desired (see fig 22a), or splicing 
sleeves may be used Some sleeves have soft interiors and hard 
exteriors, so that the hard-drawn copper conductor embeds itself 
in the soft interior of the sleeve, making contact and a good 
mechanical joint 

The kind of joint depends on the size and kind of conductor 
(wire or cable), and whether soft or hard-drawn The sleeve joint 
IS a good one Where used it will sometimes be found convenient 
to tape the end turns of large sleeve-sphcers so that the tip of 
conductor will not catch on the crossarm when strmgmg-in For 
copfier conductor of the more common sizes, much use is made of 
seamless splicing sleeves for all hare, medium, hard-drawn metal, 
and, for medium hard-drawn weatherproof of larger sizes, the sphcing 
sleeve (or the three-wire sphce) is sometimes used On sphcing 
stranded conductors the wrench used for twisting should be turned 
in the direction so that after sphcing is completed the twist in the 
sleeve is in the opposite direction to the lay of the cable (strand) 
A good splice for annealed and soft-drawn copper is to make at 
least five full turns with four turns of the wire at each end of the 
splice, soldering two of three turns in the centre part of splice 
Always scrape ends clean and free from insulation, and use fin© 
sandpaper to remove all traces of grease, particularly in sleeve 
sphces Solder all sphces preferably with ladle, and after soldering 
clean off all burrs carefully Use tape on sphces on medium hard- 
drawn bare conductor in sea-coast districts, tape weatherproof 
conductor sphces with two layers of tape and apply the tape while 
sphce is still warm (see fig 22a) 

The top of each pole may be roofed one way or both ways (as 
desired) at an angle of 45° The poles may be painted to improve 
their appearance only, green paint is a good colour as it tones with 

11 
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SBITAmrA JOINT ion TELECJUPK & TELEPHONE 
AEHIAL WIRES. 

^boldired Soldered 
JOINT FOR SMALL ELECTRIC UGHT WISES 


SESET JOINT FORmSMAll SINGLE WIRES 



Ciuti^^ires ( 

First Ojpemiion " 

JOINT IN STRANDED CONSUCTOS 


the countryside Life of a newly creosoted pole is increased by 
tarring it below ground Poles that are to be painted and/or tarred 
should be given a primary coat before being taken from the yard 
After the pole is set, and construction work thereon has been com- 
pleted, the poles already painted may be given a second or finishing 
coat of paint All pole fixtures can be painted when this finishing 
coat IS applied Each pole should be numbered and the number 

should be attached either by a 
suitable metal plate, painted on, 
burnt on, or stencilled on the pole 
Where poles have been recently 
creosoted, painting the surface is of 
very little value as it will not take 
and retain 

AU line hardware should be gal- 
vanised to hot dipping galvanisat- 
ing specifications All lag screws 
should be driven in only to the 
length of the thread but no further, 
and they should then be set to place 
with a wrench Bolt-threads should 
not be burred (see p 151) 

When a pole has depreciated 
owing to rot it must be replaced 
or reinforced if it is required to 
maintain a definite standard of con- 
struction Wood poles are usualty 
installed so that they have a certain 
factor of safety when new, i e at 
the time they are put into the 
ground, then, when rot has pene- 
trated so amply as to leave only 
the minimum working strength 
(minimum permissible diameter of firm wood), they should be 
removed or reinforced Too often wood poles are renewed or 
removed after they have caused damage or an interruption of 
service ; m all cases they should be removed or renewed whenever 
the surplus available strength falls below a certain specified 
amount, which should be at least that strength necessary to carry 
the estimated or assumed safe total load on them 

Sometimes treated poles decay very rapidly, but this is more 
often caused by the opemng up of seasoning cracks, exposing the 
untreated wood to fungi attack Pole tops should be covered 



Soldered^ 


Fig 22a 
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with a coat of preservative to close the gram, which is porous, 
and/or a galvanised roof can be fitted as a protection from sun 
and ram Pamtmg a wood pole closes up the pores and helps 
to retain its insulating properties, but if the pole is already soaked 
with moisture, pamtmg is likely to assist m its decay Successful 
pole preservation requires a good sound pole to start with, a 
decayed pole caimot be made strong by any kind of treatment 
with preservative 

It IS often found that poles dry up dunng summer, and new 
cracks form and the older ones widen This may give the fungi 
a chance to attack the wood in spite of the preservative apphed 
to the pole To provide against this, the poles should first be 
charred Charrmg a pole is a very good way of makmg it more 
durable (just the opposite to pamtmg it when already saturated 
with moisture) , this is due to the fact that charcoal inhibits dry 
rot However, new cracks are formed at the charrmg, and the 
existing ones are opened up to the greatest possible extent, which 


IS the required condition, this is a desirable feature of charnng. 


as it allows impregnation all the 
way down Also, this treatment 
of the wood has opened the cracks 
so wide that the warmth of the 
sun in summer will not open them 
any wider And charcoal being 
a porous substance absorbs even 



Fig 23 — Showing type of stay- 
wire insulator (Henley ) 


more of the creosote than the wood 


can do, and this excess quantity is later given off to the wood 

Tarring a pole after it is saturated with moisture is of very 
doubtful value because, to start with, no one can be certam of the 
amount of moisture and quahty or depth of penetration of creosote 
into the wood The tar merely covers up the surface cracks. 
And for an unpainted pole, when water enters the cracks above 
the ground-line it is prevented by the tar from leaving, and the 
tarred pole is therefore more quickly destroyed than one not 
treated with tar, in fact, the tarrmg serves to give the fungi 
increased facihties for attacking the wood, and therefore painting 
and tarring a used or untreated pole go together. 

When the mechamcal loads to be imposed upon the pole are 
greater than can be safely supported by the pole, additional 
strength is provided by the use of stays or stubs and struts pre- 
ferably stays This apphes particularly to angles and terminals 
where the conductor stresses are sufficiently unbalanced to make 
staying necessary Porcelain strain-insulators of the interlocking 
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type should be used preferably on all stay cables (commonly called 
wires) attached to poles or to stubs or struts ; the strain insulators 
should be not less than 6 or 7 ft. nor more than about 9 ft. 
from the pole or stub. When staying from a pole — ^to a pole 
or stub — strain insulators should be used at both ends; of course 
there are exceptions. When staying from a pole or stub to an 
earthed anchor, only the pole or stub end should have the strain 
insulator. When no conductors (or udres) are attached to the 
stub other than a stajy. and an earthed anchor is used, no insulators 
need be used in the stay on either side of the stub. Where two 
stay cables are used, they should be on the same collar or be 
metallically bonded. The strain insulator should not be less than 
9 or 10 ft. from the ground-line when in a vertical position. 

Table XXXIII. 


Standard Sizes op Fm Poles. 


Liglit. 

Medium. 

Stout. 


Diameter 

Minimum 

Diameter 

Minimum 

Diameter 

Minimum 


at Toj). 

Diameter 

at Top. 

Diameter 

at Top. 

Diameter 

Length. 



at 5 Ft. 



at 5 Ft. 



at 5 Ft, 



from 



from 



from 


Mini- 

Maxi- 

Butt 

Mini- 

Maxi- 

Butt 

Mini- 

Maxi- 

Butt 


mum. 

mum. 

End. 

mum. 

mum. 

End. 

mum. 

mum. 

End. 

(Ft.). 

(In.). 

(In.). 

(In.). 

(In.). 

(In.). 

(In.). 

(In.). 

(In.). 

(In.). 

18 

5 

5| 

6 







20 

5 

5i 

6 



. . 




22 

5 

5| 

6-i 



. . 




24 

5 

5i 

6-1 

k 

6i 

8 




26 

5 

6 

6|- 

H 

7 

8i 

71- 

9 

101 

28 

5 

6 

7 

H- 

7 

84 

71 

9-1 

104 

30 

5 

6 


6 

n 

8i 

74 

94 

lOf 

32 

5 

6J 

n 

6 

7i 

9 

74 

9| 

11 

34 

5 



6 

n 

9J 

n 

9| 

114 

36 

5 

6-1 

7-®- 

6 

74 

9i 

7-1 

9f 

114 

40 

5 

H 

8 

6 

71 

9| 

n 

9| 

12“ 

45 

5i 

6i 

8| 

64 

8 

10-1- 

n 

10 

13 

50 

H 

7 

n 

6| 

84 

lU 

n 

lOi 

r— ! 

55 

\ 



7 

8| 

12-1- 

8 

lOi 

14|- 

60 




7 

8-1 

13| 

8 

IOIt 

15-1 

65 




7 

9 

14 

8 

10-1- 

161- 

70 




7 

9i 

14-1- 

8 

101- 

17 

75 




7 

H 

15-1- 

8 

101- 

17| 

80 




7 

91 

16-1- 

8 

io|- 

18-1 

85 




7 

9| 

m 

8 

i 

10-1 

20 
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Table XXXIV 

Beeucdto Steesgths or OiEVAXisEB Steel (St\y) Wibes and Cables 


No 

of Wires 

Weight in 
Lb per 
1000 Yd 

Appiovim. 

25 Tons 
pci Sq In 

ite Breaking ] 

45 Tons 
per Sq In 

-load (Lb ) 

60 Tons 
per Sq In 

4S WG 

Single wire 

423 

■ 

2,670 

4,800 

6,400 

5 „ 

5 3 3 3 

363 

1970 

3,560 

4,750 

6 „ 

3 5 33 

292 

1,620 

2,915 

3,890 

7 „ 

33 33 

246 

1,360 

2,450 

3,260 

8 „ 

3 3 3 3 

206 

1,125 

2,020 

2,700 

9 „ 

33 3 

167 

910 

1,640 

2,180 

10 „ 

33 >3 

133 

720 

1,290 

1,720 

7/8 SWG stiaud 

1,540 

7,400 

13,300 

17,800 

7/9 

33 

1,230 

6,000 

10,700 

14,400 

7/10 „ 

33 

980 

4,740 

8,520 

11,360 

7/11 „ 

53 

810 

3,890 

7,000 

9,330 

7/12 „ 

S3 

655 

3,130 

5,630 

7,510 

7/13 „ 

33 

515 

2,440 

4,410 

5,870 

7/14 „ 

33 

360 

1,885 

3,340 

4,450 

7/15 „ 

33 

290 

1,500 

2,710 

3,610 

7/16 „ 

33 

240 

1,185 

2,130 

2,840 

7/17 „ 

33 

180 

910 

1,640 

2,180 

7/18 „ 

S3 

130 

660 

1,200 

1,600 

i 


Stay cables attached to anchors should he covered -with a suitable 
guard if they are in a position where there is a possibihty of a 
person touching them Care should be taken to see that the size 
of the anchor-rod is above ground, so that the stay cable will not 
be in contact with the eajth As a general rule, no insulator is 
required in a stay cable attached to thoroughly earthed steel (pole, 
frame, or structure) construction Stay anchors shoidd be located 
a distance from the foot of the pole and be not less than approxi- 
mately one-fourth of the height from the ground to the pomt at 
which the stay is attached to the pole A second log of wood 
should be used and be buned in the ground to a depth dependmg 
on the amount of strain to be earned and the character of the 
ground The length of the log should be at nght angles to the 
direction of the stay Anchor holes should be back-filled m the 
same manner as holes for the poles. 

All poles should be fitted with a collar, or be bound with a 
galvanised tin plate, before the stay cable is attached (see fig. 24), 
and galvanised stay-clamps should be used at the pole and anchor 
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ends. In new con&liuotion voik, and rebuilding old lines, stay 
cables should be placed and pulled to the leqmied tension before 



Fig 24 — Method of attaclung stay-wires to wood poles 


Stay Hook 


Fig 25 — Showing method of holding and clamping stay -wire on wood poles with eaith 
wire leading down from the crossarms {Note — ^The clamp has a groove on each 
side for giving maximum clampmg surface ) 

the conductors and/or •wires are strung After the conductors 
are pulled up to their final position, the stays should be carefully 
inspected to see that they are holding the poles in a proper manner , 
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if they are not cari3nng the full strain, they should be pulled up 
until they are in tension and proper position 

Stays should be attached to j)oles in such a manner that they 
interfere as httle as possible uith the linemen chnibing or working 
thereon When two staj’^s aie required on the same side of single - 
or double-poles or fiames, both staj’^s should be attached to a 
single anchor, unless the ground conditions are such that one 
anchor will not hold the pull thus put upon it When two stays 
run to a pole or stub, the attachment of one should be entirely 
independent of the other The anchor foi head and back sta\"s 
on multi-pole ftames (' A’’ and H” fiames), at locations other 
than angle positions, should be located approximately midway 
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Fia 26 — Methods of attaching stay- wires to the stay-rods. 

between the two legs, m hne with the conductors and at the propei 
distance from the base of the frame, to secure the proper angle 
between the stay and the frame, this is simple for ‘‘A’ frames 
And where it is known that poles are (or a section of a line is) 
unduly exposed to heavy winds, stays should be placed on such 
poles or sections See p 93 for stay calculations 

Where it is impossible or impracticable to locate single poles, 
and where the wayleave situation is objectionable, or such that 
the anchor locations for side-stays would not be allowed or be 
costly, braced frames or a steel-latticed pole may be used, or 
wood frame with head and back-stay may be used m place of 
single poles Terminal poles or frames should be head-stayed 
against the strain of the hne. On ordinary construction, when the 
sum of two adjacent spans at any pole is greater than three times 
the standard or normal span-spacmg, the pole may with advantage 
be head-stayed each way, poles on steep hills are sometimes 
head-stayed to take the down-hiU strain of the hne Poles located 
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at high points in the line, T\'here the elevation diops rapidly in 
either diiection foi a considerable distance, are also often head- 
and side-stayed in loth directions 

We thus see that wherever the conductors tend to pull a pole 
01 crossarm out of place, stays are used When installed, they 
should take up all of the strain so that the pole A^ill as much as 
possible, act merelj’ as a strut The only exception to this is 
in the case of angles up to about 10°, when -poles which carry 
only a feAA smaUei -sized conductors (up to, say, six of 0 02 scj in 
coppei) may be given a shght rake and ordinary straight line 
construction used Where the ground is not firm, oi w^heie the 
stram is gi eater than this number and size of conductors, angle 
poles should be staj^ed The sizes of high-strength steel cables 
to use for the difteient conditions and mmhet ami bt^es oj 
condiictoi aie given in the follo-wing table 

Table XXXY 


Sizes of Stay Cable to Use 






Range of Angle 





Number of 
Conduct 01 s 
and Size 







Teiininal oi 

0° to 10° 

10° to 30° 

30“ to b0° 

Dead End 

m SflUfire Inch 



1 


1 


1 


4 



Requned Size and Number ol Staj 

5 


Size 

No 

No 

Size 

No 

Size 

No 

Sue 

No 

Sue 

1 

2 



1 


1 

T6 

1 

in 

0-02 

3 



1 


1 

A 

1 

-& 

4 



1 

■5r 

1 

1 

2 

1 



5 



1 

* 

1 

1 

-•> 

1 

1 


6 



1 


1 

i 

1 


0 025 J 

2 

1 


1 


1 

§ 

1 


3 

1 

* 

1 

i 

1 


1 

i 

1 

4 

1 

A 

1 


1 

1 

> 

1 

} 

0 05 J 

2 

3 

1 

1 

A 

1 

1 

1 

2 

1 

1 


1 

1 

h 

i 


4 

1 

* 

1 


2 

J 

1 1 

J 

0 075 J 

2 

1 


1 


2 


1 

1 

> 

3 

1 

A 

1 


2 

i 

1 

1 

> 


4 

1 

* 

1 

i 

2 

J 

2 

i 

015 j 

2 

1 

A 

1 

1 

2 

i 

2 

i 

3 

1 


1 

i 

2 

i 

2 

1 

2 


4 

1 


1 

1 

2 


2 

i- 


Aote See Table XXVI for galvanised steel, stranded, high-stiength cable 
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When a stay cannot be earned (hrectly to the ground and there 
are no other poles or permanent structuies to which it may be 
attached, a stay stub may be used Stubs should be of sufficient 
length to ensure stays clearing footwaj^s and roadways by not less 
than the regulation height, they should be stayed in the same 
manner as line poles 

Although stays are necessary for places where conductor 
stresses are not balanced, they ai’e also valuable to pi event undue 
increase of sags in adjacent spans 

When stringing conductors and/or wires, the reels should be 
firmly mounted on portable stands and secured against possible 
displacement The reel should be equipped with a suitable 



bieaking device to keep the conductor always under some tension 
Paiticular care should be taken at all times to prevent the con- 
ductor becoming kinked or abrased or twisted m any manner, 
and should this occur, it is imperative that the damaged part of 
the conductor be cut out For the stringing and sagging of the 
conductors, snatch-blocks should be suspended from each crossarm 
or insulator support in such a position that the conductor, in passing 
over the sheave of the snatch-block, will be at approximately the 
elevation at which it will be finally held by the conductor clamp 
The snatch-block should preferably have hardwood sheaves of 
large diameter and wooden frames, and should be so designed and 
finished as to reduce friction to a mmimum and prevent injury 
in any way to the conductor as it passes through 

In sagging the conductors, the dynamometer is more generally 
used to obtam the correct tension The conductors should be 
pulled up to and held for a few minutes at a tension somewhat 
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highei than normal, and then be slached oft to normal tension 
The conductors may (if desired) be sagged by sighting. In sight- 



mg, it is desirable to choose a span where the length is about normal 
and the poles of which are practically at the same elevation The 
horizontal span-length is first measured correctly, and from a 
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sag table (such as Table XXXVI ) or chart (such as fig 29 plotted 
from Table XXXVI the sag of conductor for the particular span 
and temperature is found Attach tags to each of the two poles to 



Note — Where pioblems involve conditions of changing temperature, fig 29 is much 
impioved upon by plotting a set of curves from the values given in Table XXXVI , and 
then plot on the same paper another set of curves (the two sets of curves inteisectmg) 
for stretch at defimte intervals of temperature The stretch curve is for conditions 
001 responding to given temperatures when the load on the conductoi is vaned The 
chart thus compnses two axes To use the chart, first locate the stress (or tension) value, 
then the corresponding sag as in the case of the chart shown in fig 29 Then, to hnd the 
sag under the strmging condition of load, follow the stretch curve to the axis thus, for 
a stnngmg temperature of 60° F follow the axis for this temperature and return on another 
constant-temperature Ime to the load represented by the weight of the bare conductor m 
still air This point gives the stress (or tension) and the correspondmg sag for the strmging 
condftion The chart is equally useful for any loading condition, also, the temjierature 
scale can be moved to suit any value of coefficient of expansion, and therefore one chart 
can be used for all conductoi -matenals 


sag distance below the respective conductor supports, and sight from 
one batten or target to the other After the conductor has been 
properly sagged, its lowest pomt should line m with the two battens 
or targets When saggmg is done with dynamometer, the resultant 
sag may have to he checked over again by means of the sightmg 
method All grips, draw-tongs, eome-aJongs, etc used should 
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either have copper jaiis or be used in conjunction ivith copper shims 
to pieieiit 111 ] my to the conductor In cases where conductors of 
dilierent sizes are strung to the same sag, the chosen sag should 
be such as to keep the smallest conductor involved within safe 
inactical hmits foi sag lequiiements and conductor clearances 
In calculating the sag it is assumed that the conductors are 
to be loaded vith the maximum loading of ice and wmd, and under 
such conditions to be stressed to the maximum allowable tension 
as mentioned on p 74 Where different sizes of conductor are 
strung on the same pole, conditions may alter this When con- 
ductors are stressed to this maximum allowable tension they are 
longei than in the unstressed state And if the temperature goes 
up the expansion of the conductor will cause an increase in the sag, 
which withm the hunts of practical contraction m the conductor 
will decrease the tension, thus allowmg a counter-contraction in 
the conductor, due to its elasticity At a certain sag the two 
tendencies wdl balance each other, hence the practical req^uire- 
ment is to deternune the point at which this wiU occur Another 
condition is that in case the maximum load is removed, the de- 
ci'eased load on the conductor will allow it to contract, which, 
by decreasing the sag, increases the stress, thus tending to increase 
the length and along with it the sag, but at a certain point these 
also will balance each other Under these different conditions 
the practical problem is to deternune the unstressed length and 
then to determine the unstiessed length at other temperatures or 
under other conditions Thus, knowing the unstressed length, 
the amount of sag and stretch is easily found (see p 174) Values 
of tension and sag can be given m the form of tables oi charts, the 
latter aie more valuable because intermediate values are usually 
given Some of the charts which may be plotted from tables 
and/oi data are 

Plot curves for each size of conductor and for the more 
generally used stringing temperatures in terms of span-length 
and sag In this way the values of sag for any span-length 
are found, or 

Plot curves for one size of conductor, and for different 
temperatures and loading values, m terms of span-length and 
sag In this way the values of sag for any span and for 
different temperatures are found, or 

Plot a curve for any size of conductor and one span (the 
span m more general use) in terms of sag and a full range of 
temperatures. As the majonty of hnes often keep to one or 
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two sizes of conductor and to two or three ^ average” spans, 
two or thiee curves of this nature should he found ver 5 ’ useful 
in the field, or 

Plot sag values for the spans used and for different temper- 
atures in terms of standard sizes of conductor and sag values , or 

Plot sag and length (unit) values in terms of tension (unit) 
values for (unit = l 0 ft ) span fiom Table XXXVI Plotted 
on logarithmic paper, the sag and length values vould prac- 
tically form a straight line throughout , or 

Plot sag and tension curves for each size of conductor in 
terms of different loadings and different temperatures and 
different spans In this way any intermediate value of sag 
and tension is found, or 

Draw a catenaiy chart from the length, sag, and stress 
values given in Table XXXVI and calculate from L/=Lo 
(l-|-<7if) the length (L^) due to expansion with temperature 
changes, the required sag and tension is then obtained by 
drawing lines for the diffeient temperatures parallel to the 
reference lines C'C" (see fig 29) This is a quick and accurate 
method for obtaining sags and tensions due to changes in 
temperature and/or load That is to say 

First obtain unit tension from a knowledge of the 

maximum allowable tension, loading, and 
the actual span-length (see Table XXXVI ) 
Second step =reference hne AB ^parallel line (T\ath base) 
drawn from value T =length L (see 
Table XXXVI ) 

Third unstressed length Lo which may be above or 

below unity (see following example) 

FonitJi actual length of conductor only taken along 

the base 0, marked AB on reference hne 
Fifth step =de&iTed reference line C'C" ^straight hne 
drawn from C'C" intersecting C" 

S'lxth step=xi.mt tension and corresponding sag for bare 
conductor in still air at datum F =C'" 
and B' 

Seventh step ^calculate lengths for different temper- 
atures and mark on base line CC', draw 
respective values parallel to reference hne 
C'C", and parallel hnes (horizontally) for 
the desired respective sag and tension 
values C'", B', etc 
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0 006353 

0 998446 
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1 46 268 
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0 998395 
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42 846 
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0 002919 

0 998398 

0 999359 

39 368 
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0 003176 

0 998365 

0 999261 
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Note — Lo=the original length of conductor in feet, «=co- 
ef&cient of expansion for the material per ^ F , ^=number of °F 
change in temjierature 

For any loading condition such as J-m ice and 8-lb \vmd (see 
Table VII ), or/and for any conductor metal such as steel-cored 
aluminium (see Table XIX ), or/and copper-alloy conductor 
which IS more desirable than the latter (see Table XXII ), all that 
IS necessary is to plot the tension {a), the length (b), and the sag (c), 
as given here for copper, and |-m ice and 8-lb wmd loading If 
logarithmic paper is used, the curves (6) and (c) will form a straight 
line and will cross at one point, if plotted on cross-section paper 
they will take the form of a parabola as shown in fig 29 Use a 
large sheet of paper if close accuracy is desired 

Calculate (a) value which is very simple, then, for any loading 
condition such as J-in ice and 8-lb wmd, the values of (6) and (c) 
are read off at the points where (a) values intersect (b) and (c) 
curves respectively The unstressed length (d) depends on the 
modulus of elasticity of the conductor metal as is given by value {h) 
divided by 1+(T/Ae), this gives the unstressed length Lo The 
coefficient of expansion also depends on the kind of conductor 
metal, and under this condition for a temperature rise, t, above 
datum we obtain (e) which is Lo(l+ai) Whether for 40®, 60®, 
80®, 100®, or 120®, respectively, the values of (e) are calculated 
and the respective lines 0^, are drawn, these are drawn 

parallel to each other as shown in fig 29 In this way both sag 
and tension values for any temperature and any loading and any 
conductor metal are obtained, the respective values are then 
multiphed into the span-length to give the true values desired. 

Let us take the following example for a loading condition of 
J-in ice and 8-lb wind 

Example — ^It is proposed to erect a 0 05 sq in (3/ 147) h d bare 
copper conductor on a wood-pole hne with average spans of 200 ft — 
the conductors to be erected in such a way that the tension shall 
not exceed the ultimate breaking strength of 61,460 lb /sq in , 
or (61,460 XO 05)/2 = 1536 lb at 22® F The requirements are 
to find the sag and tension (or stress) at different changes of tem- 
perature and ice-loading, seep 73forYVm ice-loadmg. 

Constants — ^A=0 05 sq. in , rf=0 317 in , (Z'=0 187 in , 
6 = 18,000,000 lb /sq in , W7=0 20021b , w''=0 3181b , W==0 5555 
lb /ft of length, a=0 0000093 per ®F , T = 1536 lb , Z=200 ft 

Then, in terms of allowable tension, the tension on a 1 0 ft span is 


T' = 


WZ 


1536 

0 5555x200 


=13 82 lb. 


12 
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The sag for the corresponding span (1 0 ft in length) is given 
by the plotted values {a), {b), and (c) of Table XXXVI (which are 
for |-in ice), and is 0 00904, making total sag 

8=200x0 00904 = 1 808 ft 


Checking by the pciidbola method (see p 74) we have 


8 = 


200® X 0 5555 


8X1636 


= 1 808 ft 


The length of the conductor for the span 1 0 ft m length is also 
given by the plotted values (a), (6), and (c) of Table XXXVI , and 
IS 1 "0002 2 , m aking the total length 

L =200 X 1 00022 =200 044 ft 


Checking by the parabola method (see p 74) we have 
8x1 808® 

L=200+— =200 0436 ft 

3x200 


The unstressed length with all the tension removed, is 


Lo = l 00022 


1636/ 06 
18,000,000 


0*9985 ft 


hence, actual length for the span is 200 xO 9985 = 199 7 ft 


Checking by the parabola method (see p 74) we have 
200 0435 


L„=- 


1536 


= 199 7 ft 


0 05X18,000,000 


The actual unstressed length, without wind or ice, for a span 
1 0 ft in length is 

9985.' 


W/w 


0 6555/ 2002 


0 0017 

=0 9985+— —=0 999 ft. 

1 172 


With a nse m temperature, the length will increase due to 
expansion, therefore for (say) 120° T nse in temperature, the length 
of span wiU be 

L4=Lo(l+at)=0 9986(1+0 0000093 X 120) =0 9997 ft , 
hence, the length of span is 200 x 0 9997 =199 94 ft 
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This latter is the calculation to make for the different temper- 
atures, then draw in the respective values for 1 0 ft span (umt 
basis) on the chart These new hnes should be diaivn in pencil 
so as to retain the chart for future use and for different types of 
conductors, metals, loadings, etc These new lines intersect the 
sag (S) and tension (T) curves, at which points the desired values 
of sag and tension (or stress) can be obtained direct from the 
plotted values (6) taken from Table XXXVI in terms of {a), wliich 
IS the respective corresponding tension desired For more detail 
see end of Chapter XI , Overhead Elect) ic Power Tiansmission 
Engineering, by same author 

The following sag and tension values are for coppei alloy ^ 
conductors, which offer special merits for rural distnbution hnes 


Table XXXVII 

S4a AT Centre of Span and Mvximttri Tension at Temperatures and for 
Span- Lengths Indicated Supports at Same Level 


Lengtli 

of 

Span 

Condition of Loading 

J in Ice, 

8 Lb pel Sq Ft 
Wind Pressure, 
at 0° F 

^in Ice, 

8 Lb j)ei Sq Ft 
Wmd Pressure, 
at 32° F 

Ice, 

No Wind, 
at 32° F 


Sag 

Tension 

Sag * 

Tension 

Sag 

Tension 

j?e6Ti 

(Ft) 

(Lb) 

(Ft) 

(Lo ) 

(Ft) 

(Lb) 


0 50 




0 41 

2610 


2 02 


2 26 

2740 

1 70 



4 55 

3060 



3 96 

2430 


8 09 


8 67 

2860 

7 29 


B 

12 68 


13 37 


11 74 



* In plane of resultant 


^ Made by Anaconda Copper Mining Company, N Y , TJ S A 


[Tables 
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Table X'S.TVll.— continued. 


Condition of Loading— No Wind, no Ice 


Length 
of Span. 

: 

100 Feet. 

200 Feet. 

300 Feet. 

400 : 

Feet. 

500 

leet. 

Tem- 

perature 

' = F. 

Sag 

(Ft.), 

Tension 

(Lb.). 

Sag 

(Ft.). 

Tension 

(Lb.). 

Sag 

(Ft.}. 

Tension 

(Lb.). 

Sag 

(Ft.). 

Tension 

(Lb.). 

Sag 

(FL). 

Tension 

(Lb.). 

^20 

0 

20 

40 

60 

80 

100 

120 

0-13 

0-14 

0-16 

0-17 

0-19 

0-22 

0-25 

0-30 

3230 1 
2970 
2710 
2450 
2190 
1930 
1680 
1420 

0-56 

0-62 

0-68 

0-76 

0-86 

0- 98 

1- 13 
1-33 

3020 

2700 

2460 

2210 

1960 

1720 

1490 

1270 

1-60 

1-66 

1-82 

2-05 

2-32 

2- 63 

3- 00 
3-42 

2560 

2290 

2080 

1850 

1640 

1440 

1260 

1110 



3-30 

3- 66 

4- 07 

4- 55 

5- 05 

5- 59 

6- 16 
6-71 

2050 
1840 
1660 
1490 1 
1340 
1210 
1100 
1010 

6-60 

7-28 

7- 91 

8- 58 

9- 24 
9-90 

10- 55 

11- 18 

1580 

1450 

1330 

1230 

1140 

1070 

1000 

94-7 

_ 


1 170 lb. over 50 per cent, breaking strength. 


Gonstants : 


Dead weight 0-3370 lb. /ft. 

Dead weight, plus l-in. ice, 0-8oo,> Ib./ft. 
HorizontSload, S-lb. "'jnd on iccd wne 0-8S900 Ib./H. 
Maximum load, plane of resultot 
i^rea of wire 0-08746 sq. in. Diameter 0-333(> m. 
Young’s Modulus 16,000,000 lb. per sq.^in. 

Coefficient of expansion 0-0000094 per 3^ . 

Diameter of wire 0-3336 in. round. 

Loading class =|-in. ice, 8-lb. wind, at 0 I. 

Breaking strength 6120 lb. 

Maximum tension 3060 lb. 

Elastic limit 3670 lb. 
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Table XXXYIIa 

SlG AT CEifTBE OP SPAN AND MaXEUITM TdNIsION AT TEMPERATURES AND 

FOR Span-Lengths Indicated Supports at Sa’mb Level 





Condition ot Loading 



Length 

in 

Icc, 

\ in 

Ice. 



8 Lb iiei Sq Ft 

8 Lb pci Sq Ft 

^ m Ice, 

No AVind, 

of 

Wind Picssuie, 

Wind Piessuie, 

Sjian 
(Feet ) 

at 0 

° F 

at 32° F 

at 32° F 


Sag 1 

Ten&iun 

Sagi 

Tension 

Sag 

Tension 


(Ft) 

(Lb) 

(Ft) 

(Lb) 

(Ft) 

(Lb) 

100 

0 58 

2470 

0 67 

2170 

0 4b 

2100 

200 

2 34 

2470 

2 58 

2240 

0 96 

2000 

300 

5 27 

2470 

5 70 

2290 

4 55 

1900 

400 

9 39 

2470 

9 95 

2330 

846 

1820 


1 In plane of resultant 


Length 
of Span 


Condition ol Loading — No Wind, no Ice 


100 Feet 

200 Feet 

300 Feet 

400 Feet 

Tempera- 

Sail 

Tension 

Sag 

Tension 

Sag 

Tension 

Sag 

Tension 

tuic, 

O 


(Lb) 

(Ft) 

(Lb) 

(Ft) 

(Lb) 

(Ft) 

(Lb) 

-20 

0 13 

2o80^ 

0 58 

2300 

1 64 

1860 

4 02 

lUO 

0 

0 14 

2370 

0 64 

2090 

182 

1660 

4 49 

1200 

20 

0 15 

2170 

0 71 

1890 

2 04 

1480 

4 99 

1080 

40 

0 17 

-I960 

0 79 

1690 

2 31 

1310 

5 53 

974 

60 

0 19 

1750 

000 

1490 

2 63 

1150 

6 08 

886 

SO 

0 22 

1500 

103 

1300 

2 99 

1010 

6 65 

810 

100 

0 25 

1340 

120 

1120 

3 38 

887 

7 22 

746 

120 

0 29 

1140 

141 

955 

3 86 

784 

7 78 

693 


2 110 lb ovei 50 per cent breaking strength 


Co 7 istants Dead weight 0 2686 lb /ft 

Dead weight, plus i-in ice, 0 76489 lb /ft 

Horizontal load, 8-lb wind on iced wire, 0 86526 lb /ft 

Maximum load, plane of resultant 1 1548 lb /ft 

Area of wire 0 06970 sq. m 

Young’s Modulus 16,000,000 lb per sq m 

Coefficient of expansion 0 0000094 per ® F 

Diameter of wire 0 2979 in round 

Loading Class =J-in ice, 8-lb wind at 0° F 

Breaking strength 4940 lb 

Maximum tension 2470 lbs 

Elastic limit 2960 lb 
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Table XXXVIIb 

Sag vt Centee or and Maxemum Tension at Tempbratfees and 
POE Span-lengths Indicated Supports at Same Level 



1 In j)lan8 of lesultant 


Condition of Loading— No Wind, no Ice 

Length 

of Span I I I 

100 Feet. I 200 Feet I 300 Feet I -100 Fctt 



® 10 lb over 60 per cent bieaking strength 


Gomtants Dead weight 0 1680 lb /ft 

Dead weight plus ^ in ice 0 6256 lb /ft 

Horizontal load, 8-lb wind on iced wire, 0 8237 lb /ft. 

Maximum load, plane of resultant 1 0342 lb /ft 

Area of wire 0 04368 sq m 

Young’s Modulus 16,000,000 lb per sq in 

Coefficient of expansion 0 0000094 per ° F 

Diameter of wire 0 2356 in round 

Loading Class =J-in ice, 8-lb wind, at0°F 

Brealang strength 3181 lb 

Maximum tension 1590 lb. 

Elastic limit 1900 lb. 
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Table XXXVIIc. 


Sag at Centre of Span and Maximum Tension at Temperatures and 
FOB Span-lengths Indicated Supports at Same Level 


Length 

of 

Span 

(Feet) 

Condition of Loadmg 

Jin Ice, 

8 Lb per Sq Ft 
Wind Piessure 
atO® F 

1 m Ice, 

S Lb per Sq Ft 
Wind Pressure, 
at 32° F 

J in Ice. 

No Wind, 
at 32° F 

Sagi 

(Ft) 

Tension 

(Lb) 

Sagi 

(Ft) 

Tension 

(Lb) 

Sag 

(Ft) 

Tension 

(Lb) 

100 

200 

300 

1 14 

4 59 

10 40 

1040 

1040 

1040 

126 

4 86 

10 76 

946 

987 

1010 

0 80 

3 77 

9 37 

834 

710 

646 


1 In plane of resultant. 


Length of 
Span 

Condition of Loading — No Wind, no Ice 

100 Feet 

200 Feet 

300 Feet 

Tempeiature, 

Sag 

Tension 

Sag 

Tension 

Sag 

Tension 

O Jl 

(Ft) 

(Lb) 

(Ft) 

(Lb) 

(Ft) 

(Lb ) 

-20 

0 14 

965 

0 99 

536 

6 07 

197 

0 

0 15 

893 

1 14 

464 

6 50 

184 

20 

0 16 

811 

134 

395 

6 91 

173 

40 

0 18 

729 

1 59 

334 

7 29 

164 

60 

0 20 

648 

1 88 

281 

7 69 

156 

80 

0 23 

567 

2 22 

239 

8 06 

149 

100 

0 27 

487 

2 56 

207 

8 42 

143 

120 

0 33 

408 

2 93 

181 

8 77 

1 137 

1 


Cjnstants Dead weight 0 1059 lb /it 

Dead weight plus i-in ice 0 5332 lb /ft 

Honzontal load, 8-lb wind on iced wire, 0 7913 lb /ft 

Mfl.TirmiTn load, plane of resultant 0 95418 lb /ft 

Area of wire 0 02748 sq m 

Young’s Modulus 16,000,000 lb per sq in 

Coefficient of expansion 0 0000094 per ° F 

Diameter of wire 0 1870 in round 

Loading Class =J-in ice, 8-lb wind, at 0° F 

Breakmg strength 2088 lb 

Maximum tension 1044 lb 

Elastic bmit 1250 lb. 





CHAPTER V. 


THE DISTRIBUTION SYSTEM. 

For the transmission of energy in bulk, three-phase is more economical 
and more useful than single-phase. The single-phase 3-wire and the 
three-phase 4-wire with earthed neutral in each case require the same 
amount of copper per kW for the same voltage between phase and 
neutral. Hence, the single-phase 3-wire system is about as economical 
in copper as the three-phase 4-wii’e system. For equal voltage between 
phase and earth, the amount of copper per kW in the three-phase 3-wire 
system is between 2*25 and three times more than that in the three-phase 
4-wire system for equal percentage voltage drop. For equal voltage 
between phase-conductors the single-phase 3-wire system requires 37 per 
cent, more copper than is required for the three-phase 4-wire system, with 
neutral wire of the same size in each case, this being the more correcf 
total conductor-area comparison. 

For simplicity of system outlay and best system voltage-balance, 
the three-phase 4-wire system of distribution has advantages over all 
other systems. It is the most successful for both power and lighting 
purposes regardless of load balance, because single-phase regulation 
can be adjusted to give a constant voltage at any point on the line regard- 
less of the load on the phases. It is the system that can be successfully 
used for supplying all the cmrent over one chcuit for any area, whether 
it is used for lighting, power, or heating, and the diversity and load 
factors are improved and investment costs decreased. 

For rural service we may start out single-phase and load it up in- 
dependent of the other phases ; then run another phase-conductor when 
load requirements demand, and finally the third-phase conductor. It is 
therefore specially suited to rural or scattered districts where low first 
cost, difficulties in balancing loads, and good regulation are the rule, and 
where the system, taken as a whole, can be constructed piecemeal and 
yet require the least modification to complete the whole- this we obtain 
by use of the three-phase 4-wire system. 

For primary and secondary distribution, the star-star connection of 
transformers offers the cheapest construction, and long practice has 
proved this method to give practically all that is desired. Also, the best 
practice points towards three-phase 4-wire primary and secondary distri- 
bution with single-phase taps ; see also fig. 32A. 

The two-phase (or g -phase) inter-connected (see p. 202, last item 
of figures) system sometimes referred to as four-phase, will come into 
more general use for distribution purposes in countries like U.S. A. It is a 
system possessing outstanding merits ; also see fig. 32B. 

The choice of a particular system of distribution is determined by 
a close study of relative simplicity and economy, the nature of the 
load, the extent of the area to be covered, and other considerations. 
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io*> 


When the whole or the bulk of power is to be distributed in a con- 
gested area (or aieas) wheie the heavj^ cuiient necessitates the use 
of very large-sized conductois alternating cmient is prohibited 





i'lo 30 — ^Teimmal boxes {HenUy ) Top view is inverted pole type for 4-coic, 660 volt, 
pilot cables Middle view is inverted out-dooi type for 3-core, 6600 volts Lower 
view IS inveited out-door type for 3-eore, 11,000 volt cables 


by the reactive voltage drop, and, where power is to be distributed 
over a relatively large and scattered area (or areas), direct current 
IS prohibited by the ohmic voltage drop and/or excessive cost of 
copper and other conditions , the amount of copper required varying 
ini ersely as the square of the voltage between conductors 
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As an illustration of the effect of voltage we may take a single- 
phase 2-vire small-sized feeder, % e a feeder which is to transmit 
100 kVA a distance of 1000 ft , allowing 5 0 per cent voltage drop. 
Foi the different voltages we get the relations 


Voltage on 
Feeder 

Lme Drop m 
Volts 

Size of Feedei 
in Squaie Inches 

Relative Amount of 
Copper Required 

12,000 

600 

0 0025 

10 

6,000 

300 

0 01 

40 

3,000 

150 

0 04 

16 0 

480 

24 

0 15 

60 0 

240 

12 

0 60 

240 0 


That IS, 240 times more copper is required at 240 volts 
to deliver the same load the same distance, with the same 
percentage volts drop, than for 12,000 volts 


It IS not so much the question of desigmng the most economical 
distribution system as of determimng the best system to put in, 
having in view, of course, all present and future requirements In 
deciding on any system it is advisable to look well ahead over a 
number of years and to plan a system and initially to lay it down, 
so that it is capable of handhng the load densities for a number of 
years to come, and so to lay out the distribution that it will always 
be capable of expansion for the least capital outlay and with as few 
changes or modifications as possible 

In this and in certain other countries the urban areas will have 
underground distribution, and whether underground or overhead, 
for a town of some size the entire system will take supply from the 
generating station or a mam sub-station as three-phase current 
The system taken as a whole may have one or more transforma- ^ 
tions (the former being diiect while the latter is indirect), that is 
The sj^stem may take supply from a mam transmission 
hne and feed into a mam sub-station, and from the mam sub- 
station step down for supply to feeders, which m turn feed 
centres of distribution where the current is again stepped down 
to supply the consumer’s mams , or, 

The transmission hne may feed into several sub-stations, 
and feeders extend from each of these sub-stations to trans- 
forming centres (which may be vault-, pole-, or structure-type) 
to supply the secondary (low-voltage) network or mams for 
consumer’s services, or. 
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The transmission lines may feed centres of distribution 
direct and/or pole-tj^pe transformers, and from these supply 
direct the secondary (low-voltage) netw'ork 
This country is about to start an era of electricity distribution 
on a large scale and under government control — th is being the 
only possible way to bring about the long- delayed umfication of 
systems, etc , and is the best means for meeting resulting expected 
strenuous public opposition, for a time at least The scheme for 
the 132,000 volt government-controlled overhead mam transmission 
lines, and the system of electricity supply, will probably take the 
form of best practice, such as 

(a) Mam transmission lines arranged to interconnect 
selected generating stations 

(i) Transmission lines to supply the mam sub-stations 
— ^preferably fed from two sources of supply — ^the stations to 
serve for switching and for transforming down the voltage 

(c) Lines run out from the mam sub-stations to smaller trans- 
forming stations, at a suitable voltage (perhaps 33,000, 22,000, 
or 11,000 volts) 

{d) Feeders run out from the transforming centres to supply 
vault and/or pole-type transformer installations, thence fiom 
low- voltage secondary mains to consumers, or/and to large con- 
sumers direct 

(e) Or, from the transforming centres, secondary mam dis- 
tributors will be run to supply consumers direct 

Depending on the magmtude of the transmission system and/or 
voltage and the area to be covered, etc , there may be one or more 
transformations The one-transformation (or direct) method will 
be the cheaper for certain rural districts The multi-transforma- 
tion (or indirect) method may more generally be the best, and be 
most flexible and most economical where areas of a certain size 
are chosen and transforming centres located at the load centres 
respectively, so that one or more areas and transforming centres 
may be chosen to feed a high-pressure system which m turn 
supphes one or more primary feeders, just as m the direct method, 
with distribution pole-type transformers 

For this country, the latter method (the indirect method) will 
be the method more generally adopted, as, among various ad- 
vantages, it makes possible the best selection of routes and/or 
wayleaves Also, for a given range of load densities it is more 
economical than the direct method (one-transformation method), 
which has the disadvantage of relatively greater length of high- 
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pressure circuit, more dibtribution transformers, line equipment, 
etc than the indirect method The multi- transformation method 
also makes live-lme maintenance unnecessary with loop-feeder 
scheme, and it makes a desirable arrangement for supplying ruial 
and small towns from intermediate sub-stations (tiansformmg 
centres) connected to an e h j) ring mam, such as the main-trans- 
mission scheme proj)Osed and about to be installed for the greater 
j)ai*t of this country 

Maximum oveiall economy depends in the first j)lace on adojiting 
the light type of generating, transformmg, and tiansimttmg system, 
and the right tyj)e of combined chstiibutioii system so as to take 
full advantage of chversitj^ of loads, also to obtain the highest load 
factor by the intei connection of stations caiT5ung diversified loads 
and so forth Commencing with the 132, 000- volt grid we expect 
{bj7 means of the indirect method) through the various links of 
the electrical chain to obtain the desiied lesults by adoption of a 
distributing system to secure jointly the best results both financial 
and opeiatmg. The best and most economical layout for geneial 
distiibution is the three-phase 4-wire system, in which the 

E h j) line side of tiansfoimers at generating station con- 
nected in atm with neutral earthed and with piimaiy delta, and 
e h p line side of receiving stations connected in atai with 
neutral earthed, or 

E h p or h p primary feeder distribution side of trans- 
lormeis at the receiving station (transforming centres) are 
connected m sta) with neutral earthed, and carrying a neutral 
conductoi , or/and 

E h p or h p primary mam distribution transformers con- 
nected in afar with neutial conductor earthed at more than one 
point on the primary distribution system , 

M p and/or 1 p secondary side of distribution transformers 
connected in stai with neutral conductor strung fiom pole to^ 
pole and eaithed at consumer’s connections 

The thiee-phase 4-wire system would be the most suitable for 
combined secondary distribution, in that, as distinct to any other 
single system, it is the most adaptable m every way, and it best 
meets practically all distribution requirements, in that 

From its origin, the system starts out as the simplest and 
most economical for generation, transformation, and trans- 
mission 

It offers the simplest and most economical primary dis- 
tribution system for smgle or multi-transformation 
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Of any polyphase system it requires the least number of 
conductors, with neutral conductor strung from pole to pole 
For the same kVA output it is the most economical in 
copper 

Voltages to earth and all phase-conductors have sym- 
metrical relations (see p 202) 

There is a saving in the number of feeders and their 
supports, 66 to 80 per cent of the number of feeders are 
required for the same kVA capacity 

It offers a symmetrical polyphase system 
Secondary voltages are suitable for both light and powder 
Satisfactory hght and power can be given over the same 
circuit (see also figs 32 and 32a) 

Line drop due to a balanced load will not cause distortion 
of the voltages either in magnitude or in phase 

Unbalance in secondary voltage caused by unbalanced 
loads is very small 

The investment cost per kVA delivered is low. 

One conductor is neutral and is earthed in such a w^ay as 
to limit the voltage of all other conductors to earth, and for 
secondary hghting to a value within safety hunt to hfe 

The neutral conductor can be arranged in instances for use 
111 emergency as a power (phase) conductor (see p 214) 

The neutral conductor can be used during normal operation 
for the purpose of protection of the hne conductors and pole 
fromhghtnmg, and also serve for relaying purposes of protection 
The efficiency is high , higher than any other system 
The saving in the number of feeders is important, not only 
from possible public objections to more conductors and moie 
crossarms and other hne equipment, and, a less number of 
transformer stations are required for a given area or district 
or territory to be covered 

If a higher degree of rehabihty can be estabhshed m distribution 
lines, expensive duphcation can be ehminated in rural areas by 
using the three-phase 4- wire system and arranging that the neutral 
conductor is used in emergency as a phase-feeder conductor First 
of all we must design and construct a circuit that is the freest from 
flash-overs and bird trouble A correctly designed wrooden-pole 
construction wall permit this, and it will permit the best results 
with a three-phase 4-wire circuit, and such a circuit may be as 
good or better than two circuits of the type, system, and construc- 
tion in common practice at the present time in this country Such 
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a line nould be cheaper and very much better not only from the 
operating standpoint but also from the earning standpoint That 
IS to say, have the wooden supports retain (at all times) the highest 
possible insulation of the wood, use wooden crossarms, and insulate 
the neutral from the pole The pnmary distribution system would 
be three-phase 4-wire, but the m.&ixi-tran8miasion system would 
(for the present) be three-phase 3-wire, some of the relative 
advantages of these ti^o systems bemg as follows 



Three-phase 

3-wire 

Tin CO ]-)haso 

4 WHO 

Voltage between phase-conductor and 
earth 

100 per cent 

100 per cent 

Copper required when using three con- 
ductors for equal percentage power 
loss 

O 

o 

33 3 „ 

Copper required when using four con- 
ductors of the same size for the 
three-phase 4- wire system 

100 „ 

44 4 „ 

Relative economic size when using three 
conductors 

100 „ 

5T-7 „ 

Relative economic size for four con- 
ductors of equal size for the three- 
phase 4-wire 

100 „ 

76 8 „ 


This clearly shows the necessity of runmng a fourth conductor 
and using it properly for both transmission and distribution, such 
as proposed m fig 6 

The two problems, namely, system and voltage, mainly affect 
the general distribution from the sub-stations to the consumers 
The system would, in many respects, be practically independent 
of the choice of voltage, because that offermg the beat set of 
combmed hght and power advantages, such as the most economical 
distribution, the longest, largest, and heaviest range of distribution, 
simphcity, greatest flexibihty, and so forth, would be adopted in 
any case, independent of the voltage As the choice will uni- 
versally fall on the three-phase 4 wire system, there is still the 
voltage to settle, and this, for feeders, may be taken as ranging 
between the three standards of 11,000, and/or 6600, and/or 3300 
volts respectively, dependmg on local conditions as to distance 
and so forth (see p 12) 

The next question is the type of distribution system, the 
pnmary supply would divide itself mto the use of either radial 
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feeders or ring mamSj the choice mil depend on the extent and 
form of the load area, the position and the spacing of the trans- 
forming centres with respect to load densities, etc The secondary 
main would certainly be of the radial and/or the feeder tj^es 
depending on the form and extent of the respective and different 
load areas, load densities, etc 

In the case of most big extensions or change over from one 
system to another, there is alT\ays a hkelihood of difference of 
opinion as to the voltage and kind of system that should be 
used for the primary distribution There are certain limitations 
independent of distance which will govern the type to put in but 
as a general rule the choice will faU on a system that 

Possesses the greatest flexibihty 

Will increase the capacity (in relation with other S3’stems) 
of the whole system 

Will permit satisfactory polyphase operation when one- 
phase conductor andjov one-phase transformer are put out of 
commission (see fig 32 a) 

Will provide the best, or better, or good service on remote 
extensions 

Will permit a cheap construction, where the revenue 
derived from remote extensions and certain rural districts 
may not justify the expense of a three-phase, it would justify 
a single-phase hne 

Also, the choice and the expense of a system will depend on 

The attitude of the Postmaster General, or the communica- 
tion-system engineers, as their hnes already occupy nearh^ 
all of the roads or highways in so far as this country is con 
oerned 

The objection of the Postmaster General to joint hnes where 
the overhead circuits are operating m excess of a certain 
voltage, assuming, of course, that jomt occupancy is allowable 
for lower-voltage hnes For this country this question is as 
yet qmte remote for a.c lines of any voltage 

We thus see that one of the most important problems is the 
determination of the most economical scheme for primary voltage 
distribution — ^not the mam-line voltage or transmission voltage, 
nor the secondary voltage For several reasons it depends on the 
method used, and we may, for example, adopt 

A method m which an area of a certain size is chosen 
and a transformer sub-station located at the load centre , this 



192 DISTRIBUTION OF ELECTRICITY BY OVERHEAD LINES 


sub-station to be fed from the high-pressure system and m 
turn to supply one or more sub-station transformers and/or 
three-phase or three-phase 4-wire feeders Such a method 
has the following advantages 

The system requires a less number of miles of high-pressure 
circuit 

It requires a shorter length of high-pressure circuit 
It requires less clearance from trees and buildings 
It offers better opportunity for arranging joint use of polos 
It makes a good airangement for supplying rural districts 
from intermediate transformer stations or points 

The service rendered would be improved when feeders are 
equipped with automatic reclosing features 

In areas of high-load density the high-pressure feeders in 
combination with low-pressure secondary network would 
usually present the most economical arrangement 

Some few years ago the two-phase 4-wire system was widely 
used in certain countries, but has steadily been replaced by the 
three-phase system, which has proved to be the best and the most 
flexible Until recently this country has been what might aptly be 
termed ^‘a direct-current country” as compared with others, and 
there are many who still look with suspicion on the future electricity 
supply and distribution claiming general use of alternating currents 
For congested areas and loads, direct-current distribution is all that 
can be desired, and long experience with this system has given 
practically all one desires to know about underground distribution 
methods and so forth, but it offers very httle or no overhead line 
information helpful in the design, construction, and operation for 
present and future rural and othei line development, and, it can 
be expected, m this country for some time to come that in over- 
head work there will be a general leamng towards underground ^ 
construction and other practices in the way of protection and 
other requirements — a clearly distinctive dividing line should be 
maintamed 

It is not exaggerating to say that the two distribution systems 
of the future will be the single- phase and the three-phase 4 wire 
The latter system, either for star-star or delta-star (usually the 
former) 4-wire secondary m each case, is sure to be very widely 
used m every part of this and other countries For this country 
the so-called “grid” and umfication of systems will bring about 
its extensive adoption, and in view of this possibility, it is the 
system of distribution given preference herein The author’s 
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experience of this system by overhead mams through the streets 
of a city^ started twenty-four years ago At that time the 
system consisted of three-phase 3- wire primary feeders and three- 
phase 4- wire secondary distribution mains All feeders, mams, and 
services were overhead and supported on wooden poles, wooden 
crossarms, and wooden pins The incommg hne voltage to the 
mam sub-station was 66,000, and the hne construction was the 
same, excepting pins, this voltage w-as stepped down for the 
primary feeders after passing through the mam sub-station The 
three-phase 4- wire distribution system started out as a secondary 
distribution, and at the time the author joined the citv under- 
taking ^ as its assistant superintendent, the principal work con- 
sisted m changing over this ongmal method because of much 
trouble from voltage regulation brought about by increasing load 
The new system, for the most congested areas of the city, consisted 
m locating transformer banks at respective centres of distribution 
and tieing m the secondary mams from the respective transformer 
banks, each section being operated mdependently from any other 
section Banks of transformers (each of the same capacity) were 
installed m vaults under the sidewalk so that in the event of a 
transformer failure the parallel groups automatically supphed 
the necessary load until another umt was installed This system 
did not differ from the distnbution system of to-day, except that 
it was not tied together as a complete network Network pro- 
tection other than fuses were not used The system referred to 
above for this country will no doubt follow practically along 
the same lines, and the above-mentioned experience of long ago 
simply goes to show how the thread of events and practices are 

^ Sacramento, capital of California, USA 

® Up to that time httle practical experience had been gamed with overhead 
conductors oarrymg very heavy current (a c ) at low voltage Li carrymg very heavy 
current (a c ) at low voltage it was foimd that great care must be exercised m order 
to have equal voltages, by havmg the conductors properly arranged so as to get nd 
of the unequal voltages 

An experience of this nature occurred on the three-phase 4-wire netw^ork, where 
a bank of transformers had been installed Some fairly long lengths of 0 4 sq in 
copper cable had been run and spaced only a few mches apart, the neutral bemg 
on the outside It was found that, with the load approximately balanced, there was 
an objectionable difference m the voltage between tiie conductor located the further- 
most from the neutral conductor At the time this drop m volts was noticed the 
effect of mduetance was not m mmd On disconnectmg the neutral conductor 
and allowmg it to drop until it hung beneath the middle conductor, the difference 
in volts drop disappeared at once, and, when the neutral was swung over further 
and placed beneath the conductor mdicatmg the drop m volts, the drop agam dis- 
appeared. This made it clear that, even for short hues, the reactance and not the 
resistance determmes the nvMb&t of circuits and the total current per circuit to 
satisfy best operation, etc 


13 
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interwoven, and little is new in tins direction from that of a 
quarter of a century ago 

In comparing any system, such as the pnmary voltage for the 
feeders, it is of some interest to take mto account certain relative 
advantages, such as relative weight of conductors, relative drop 
and loss, relative kVA capacity relative area which can be served, 
assuming for each condition relations conforming with good 
practice, and for the same length, load, etc Taking only the 
three best-known altematmg current systems, viz (A) the single- 
phase, (B) the three-phase 3-wire, and (C) the three-phase 4-wire, 
we find the relations to be approximately as follows for the pnmary 
voltages (respectively) hkely to be employed for the feeders 


System Advantages 


Conditions. 

(A) 

(B) 

(C) 

(D) 1 

Relative weight of conductors, for same length, 
load, and power loss 

Relative power loss on the line, for same length, 
load, and size of conductor 

Relative voltage drop in per cent, for same 
length, load, and size of conductor 

Relative capacity, for same length, power loss, 
and size of conductor 

Relative area which can be served, for same 
length, power loss, and weight of conductor 

10 

10 

10% 

10% 

10% 

0 75 

0 50 

6% 

1 732% 

1 78% 

0 33 

0165 

1 6Go/o 

6 23% 

9 0% 

0188 

0 126 

1 25% 

6 93% 

10% 


^ (D) Double the voltage of (B) , note that the weight is i, power loss m 1. 
^t capacity is 4 times, and relative supply area served is 


The amount of copper required to transmit power by any given 
system (the three-phase system, for instance) with a given per- 
centage power loss, or a given percentage voltage in ohmic re- 
sistance, vanes directly with the amount of power, directly as the 
squ^ of the distance, and mversely as the square of the voltage 
used The area of the conductors for supplying power with a given 
percentage voltage drop or loss varies directly with the amount 
of power directly mth the distance, and inversely as the square 
of the voltage If the percentage loss in the hne is not fixed, but 
if the Mea of the conductor is proportional to make the annual 
expenditmes for lost power plus mterest plus depreciation and 
taxes on the conductor a minimum, then the weight of the oon- 
duotor required vanes directly with the amount of power, directly 
as the first power of the distance, and inversely as the first power 
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of the voltage used With the conductors proportioned for 
minimum annual expenditures, the area of the conductors varies 
directly with the amount of power and inversely as the voltage, 
and for a given voltage is independent of the distance For two 
feeders of the same length supplymg the same amount of power at 
diffeTent voltages and with the same power loss for both feeders, 
the area and weight of the conductors will vary mversely as the 
square of the voltage, % e as 

Experience shows that an economical distribution consists 
in having a reasonable primary distribution voltage to start vith, 
and for three-phase work, with feeders usually balanced as nearlv 
as practicable, this can be obtained by dividing the service area 
into more or less uniform load sections for each feeder The 
secondary mains for hghting would more generally consist of 
conductors of uniform size at all or most pomts, and operate on 
a single-phase 3-wire basis with neutral earthed. Where practic- 
able, the mam would be run longitudmally along the streets, roads, 
or alleys, and at intervals, cross-ties installed over cross-streets be- 
tween the longitudmal runs — ^thus forming a ‘'grid'" network For 
ultimate loading density, a maximum size of secondary grid could 
be extended considerably “Insulatmg” circuit-breakers where 
desired could be placed in the secondary mams around the edges 
of each grid to separate it from adjoining networks, if any, except 
that no circuit-breakers are placed m the neutral network. 

The general plan of operation would be to keep the bus-bar 
voltage constant at the sub-station and to regulate the various 
smgle-phase lightmg feeders with regulators by which the voltage 
can be raised or lowered a desired percentage (between 10 per cent 
range) In the primary distributing circuits, fuses and/or switches 
would be used at the transformer terminals only, and automatic 
circuit-breakers provided on feeders at the sub-station or stations 
Time hmits would not be placed on automatic circuit-breakers 
at sub-stations, but a time-limit device would be used on those 
at generating stations, so as to give the ciromt-breaker on any feeder 
time to act before that at the generatmg station could open, and 
so prevent the opening of the station circmt-breaker m case of a 
heavy short-circuit on one feeder. The practice of this country 
would follow along the hnes of underground methods, i.e general 
use of pilot- wire schemes m preference to aU others. 

A smgle-phase pnmary gnd consistmg of bare or weather- 
proof conductor may, in some oases, be installed parallel to the 
secondary mam (which latter can be likened to a hus) aB to both 
location and area, and the secondary main neutral can be used 
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•with advantage as a primary neutral from the earthed side of the 
transformer to the feedmg-point in the centre of the gnd, for this 
country it is doubtful if this practice would be allowed Branches 
from the neutral feeder would in such cases follow each single- 
phase branch, and tap the neutral gnd at the same point where 
the pnmary gnd is tapped Additional taps may also be made from 
the neutral feeder conductor to vanous points in the neutral gnd 
when necessary, as determmed by neutral current tests to be best 
This IS but one of the vanous methods which may (or may not) be 
followed universally The author firmly beheves that the future 
distnbution system ■will operate -with a common earth neutral for 
pnmary and secondary, which practice -will ultimately make for 
better operation, greater safety, lower construction costs, etc It 
IS therefore apparent that the author makes no apology for pro- 
posmg the system given m figs 6 and 32b (see foUo-wmg pages) 
Pnmary voltage is generally controlled from the sub-station 
regulator for all drops up to the feedmg-pomt in the gnd, the total 
of which IS added to the drop m distnbution transformers as well 
as the drop m the consumer’s services The voltage drop m the 
pnmary gnd from the feeding-point to the transformers, plus the 
voltage drop m the secondary grid from the transformers to the 
service pole, •will vary at different ser^vioe points, and the sum of 
these should be kept withm a minimum range m order to keep 
within the maximum permtssible voltage drop (see p 57) 

The full scope of advantages of the three-phase 4- wire system 
depends somewhat on the neutral, » e when and where it is earthed, 
and the method used for earthing it, this applies to aU earthed 
neutral systems The points and methods for earthmg the neutral 
are several, we may 

Earth at the supply end only (also see p 216) 

Earth at the supply end and at other oonvement points - 
Use a common earthed neutral for both primary and 
secondary lines, and 

The neutral conductor should be supported on the same 
or adjacent crossarm with the correspondmg phase con- 
ductor 

The length and load of a single-phase conductor should 
not be mcreased beyond a hmitmg distance that is reasonably 
practicable in the provision of good service Also 

Single-phase loads should be so connected that phase 
balance ■will be obtained ■with relatively short distances, and, 
preferably, these phase loads be supplied from transformers 
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connected so that some part of the system has a delta con- 
nection (see fig 32 , also Table XLI ) 

Use of the overhead ground (earth) wire and/or a continuous 
earthed guard wne as the neutral conductor, etc Providing 
independent earths for transformers and lightning arresters 
(see pp 198 and 216). 

The method of earthing the neutral generally accepted through- 
out the world is that of earthing at the supply end of the system 
In fig 6 and fig 32b the author has showm a three-phase 4-wire 
system, but the proposal is for any type of circuit, Ime construc- 
tion, and/or system, whether of wood, steel, or remforced-concrete, 
etc , and for d c , or a c smgle or polyphase systems possessmg a 
natural or artificial neutral return, in the text, the wood support 
and the three-phase 4-wire system are given preference for the 
various reasons mentioned. The two-phase (or quarter-phase) 
interconnected ^ system is the next best, and, as distinct from the 
umversal practice up to the present time, the author proposes the 
use of a continuous earth guard wire or an overhead earth (ground) 
wire to be used as the neutral return conductor, as weU as for pro- 
tective purposes both external and mternal Several important 
advantages have Ijpen mentioned in Chapter I (see pp 16-25), but 
the following will further substantiate the practical, economical, 
and protective benefits and improvements of this proposed system 
of distribution and transnnssion 

In the first place, let it be understood that it is defimtely estab- 
hshed and umversaUy recognised that earthing will reduce costs 
and will tend towards greater safety m operation. Further, it is 
becoming more generally understood that multiple earthing is 
very necessary for both primary and secondary, and, without 
question, future practice will be that of usmg an earthed system 
common to both primary and secondary circuits 

As regards the three-phase system it is apparent that, when 
the load on the primary side of a 3-wire Ime has mcreased to a cer- 
tam point, the simplest way to mcrease the Ime kVA capacity is 
that of changmg from delta to star^ and carrymg a fourth con- 
ductor throughout the primary network or along a large part of 
it, the fourth conductor could be the overhead ground wire as 
proposed herein Als o, as regards the neutral itself, there is no 
reason why the primary neutral shoxdd not have multiple earths 
just the same as the secondary, as a matter of fact, underground 

^ This consists of two single-phase windings connected together at their middle 
points, forming a 4- or 5-wire system. 
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construction usually provides for earthing of the primary neutral 
at most manholes Undoubtedly, the more earths installed the 
more effective the earthing will be, that is to say, the closer to- 
gether the neutral earths are placed, the smaller will be the voltage 
gradient in any definite distance 

The question of to-day is not that of obtainmg individual 
earths of low-impedance, it is one of obtaining a well-distributed 
low-impedance earth that wiU approach an egpii-potenhal (not an 
eqm-distant) area, and thereby avoid a high-voltage gradient when 
heavy currents flow to earth 

Earthing the neutral at the sub-station or the supply end only 
is likely to prove dangerous practice, as there is no indication at 
the supply end when the neutral on the Ime breaks, the circuit 
would not trip out and the fallen neutral conductor may produce 
a voltage to earth equal to that of the phase conductors, and may 
cause breakdowns in other ways and be a great hazard to appa- 
ratus and life The safest solution is to earth at definite mtervals 
out on the line, to reduce the neutral-to-earth potential at all 
pomts. Moreover, a broken phase conductor under these con- 
ditions may not mdiqate an abnormal condition at the supply 
end, nor tnp the switches, but the hazard of dangerous voltage is 
present, due to earthmg the neutral at the •supply end only 
Earthing the neutral along the line at equi-impedance mtervals 
has the effect of safely earthmg the fallen phase conductor, etc 
and either mdicating an unbalance or tripping the circuit 

The neutral conductor should not be of less size than 50 per 
cent, of the phase conductor, preferably, it should be larger than 
50 per cent The size is not required for normal operatmg current, 
moreover, the proper size means that balancing current m the 
neutral will travel the shortest possible distance Its position m 
relation with the phase conductors along the whole hne is also 
important (see footnote, p 193, also p 216) 

In order to prevent the possible flow of current at the higher 
harmomcs, the neutral pomt of three-phase stor-stor-connected 
transformers can be kept isolated from the overhead neutral con- 
ductor system (see p 216) 

At the supply end or sub-station universal practice to use 
a common earthing system, % e one general earth for the hghtmng 
arresters, transformers, neutral return, etc , this is done for greater 
security, etc 

When several circmts are strung on the same pole Ime, one 
neutral conductor can sometimes be used for all the circuits, thus 
reducing costs m copper, crossarms, etc. and, where circumstances 
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permit, the neutral may be converted into a ‘’‘grid'' system Mitii 
all neutrals interconnected. The primary neutral and. the neutral 
of secondary circuit or circuits using multiple earths on a pole line 
can, sometimes, with many advantages, be used to form one 
common earth for both systems. The advantages are, less possi 
bility of high-earth resistance, better earth for lightning arresters, 
etc. 

The advantage of a common multiple earthing system is that 
a resultant minimum earth resistance is obtained which can be 
taken advantage of for all earthing purposes, and, it provides a 
distributed earth which is of great importance in the reduction of 
potential gradients. 

Actually what we desire for all lines is some simple and reliable 
means for giving the best and most lasting protection of the line 
insulators, the line in general, and the terminal apparatus from 
dangerous pressure rises. The most efficient and most economical 
and satisfactory means is the adoption of the right system in the 
first place, and the installation of a neutral earthed conductor used 
as an overhead earth (ground) wire or continuous earth guard 
wire. For the protection of a line and system from practically all 
external high pressures of the class looked upon as dangerous 
pressure rises, the continuous earth (ground) wire, combined with 
and forming part of the system neutral, will give better results 
than any other known single or group of devices or means; that 
is to say, it will, in the most efficient manner : 

Provide that intensity of over-voltages be considerably 
reduced. Give protection from direct strokes of lightning. 

Reduce the voltage electro-magnetic ally and electro- 
statically induced in the fine conductors. 

Provide an effective damping on any disturbance or wave 
travelling along the line by its action as a short-circuit 
secondary. 

Give protection from static over-potential. 

Offer the most preventative means yet devised, and wull 
lessen the duty of and danger to lightning arresters and other 
curative devices. 

Give protection from arcing earths. 

And, in general, prevent aU t3rpes of dangerous pressure 
rises from external causes entering lines; for those entering, 
it will prevent them from travelling far along the line and 
will, commencing at their point of entry, dissipate the dan- 
gerous effects. 
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Lme insulation is rarely weakened by normal operating 
conditions , of course dirt and dust and age leave their effects, 
but the weak spots will be weakened or completely broken 
down by the external high-pressure nses mentioned above, 
which are always of the very high frequency type and are 
from hne or phase to earth We therefore see, as a result of 
these natural conditions, the value of the proposed type of 
insulated construction (fig 6) This refers m particular to 
retainmg the insulation of the wood support and using the 
system proposed, m fact, the question is far more important 
than can be gleaned at first sight 

Further, on an efficiently earthed overhead system (such as 
shown m fig 6) most hghtnmg disturbances which would reach 
the station over such an earthed overhead system should never 
be greater, but rather very much less, than those entermg a 
station over the phase-conductors, which may or may not be 
discharged mto the hghtnmg arrester earths at the station — these 
earths bemg mvanably connected to the common earthmg system 
of the station For the conhnuous earth guard wire they would 
rarely, if ever, be as great, hence the advantage of this method and 
position, which also offers other advantages for the hne and 
system Therefore, is it not logical and proper to use the overhead 
earth (ground) wire or the contmuous earth guard wire (as the case 
may be) as part of the electric circuit* If no ill effects are ex- 
perienced from the connection of hghtnmg arrester earths over 
the phase conductors to the mam station or supply end earth, 
certainly none can be expected from connectmg the overhead 
earth (ground) wire or the contmuous earth guard wire to an 
independently earthed (and much better earthed) system orjand 
to the same earthed system at the station or transformmg centre, 
etc which surely is better and is more rehable and effective. The 
proposed method wiH improve the station earth, provide better * 
relay action, reduce the hazard to life and apparatus, reduce the 
materials and cost of the hne, give the lowest maximum and most 
stable voltage above earth, provide better operatmg conditions, 
and give a better and cheaper system m every way 

Qmte apart from the distnbution system adopted, the secon- 
dary system will invariably be subjected to hazards from high- 
voltage transformer wmdmgs and/or from high-voltage hne crosses, 
and the best and safest practice would be to 

Earth all hw-voUage lines, as earthmg to a large extent 
decmases the danger of fatal shocks m case the circuit becomes 
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crossed with one of high voltage , this is because the normal 
voltage to earth is m itself relative^ safe 

Earth or insulate medium-voltage lines ^ as earthing does 
not sufficiently decrease the danger of fatal shocks m case 
the circuit becomes crossed with one of higher voltage , certainly 
the normal voltage itself is dangerous 

Eaiih high-voltage and exira-high-voltage lines Obviously 
for such voltages, earthing or insulating cannot in any way 
change the danger of shock Earthmg of such circuits is 
intended for the purpose of decreasing hazards and increas- 
ing reliabihty, decreasing or hmitmg the voltage stress on the 
whole system, and decreasing the cost of hne, etc , the factor 
of safety is higher for a system with earthed neutral than one 
with isolated neutral 

From these findmgs, and for all voltage hues, the earthed neutral 
system is certainly the safest (also see p 23) 

There is sometimes substantial advantage and economy in 
combimng the primary and secondary neutrals in one conductor 
in order to ensure both functions, as mentioned above. It is, 
of course, essential that the neutral be effectively earthed. This 
method would seem to be essential certainly for rural single-phase 
lighting branches and pole transformer service With this method 
the two outer conductors of the secondary form an additional 
return path in parallel with the neutral, and the primary single- 
phase load current divides nearly m the ratio of copper cross- 
section The return path through the neutral network is of a 
complex nature, but from tests from various systems it is found 
that at least 65 per cent returns through the neutral on the same 
pole rout© with the primary Each primary district can be served 
by a three-phase main which could tap into a nng feeder, the ring 
being sectionahsed between adjacent taps and normally left open, 
but capable of being closed in emergencies The centre load area 
of each feeder district would be divided into single-phase sub-dis- 
tncts, so distributed among phases as to mimmise the unbalanced 
load current in the neutral along -any given three-phase route. 

It would be the general practice in certain districts to carry 
the three-phase primary fairly well out to the end or near the 
end of most branch-lmes in order to obtam the full advantage of 
three-phase hght and/or power service and to ensure a more 
balanced load On the other hand, it may be uneconomical to 
string a three-phase 4-wn*e service main, load conditions and 
character of load usually decide the requirements 
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SHOwma True Oompabisoit, with the Dibeot Current System, fob Maximum 
Voltage above Earth and for Maximum Voltage between Conductors 


O' 



System 

Foi the same Maximum 
Voltage above Earth, and 
talung E = 100 Volts between 
any Conductor .ind Earth 


(lielatiie toUage daWjei) 
Maximum Voltage between 
Gondu clots ~ 

Single-phase 

2JSV'2=283 

Two - phase 
3-wire 

\/21SV¥‘^ 200 

Thiee-phas(‘ 

V 3EV'2=-245 

Two-phase 

2^^2 = 283 


cwi— single-i3liase=^oiie phase oi the two phase 
system, or two legs ol a guarfer-jih&se 
system 


System 

Eoi the Same Maximum 
Voltage between Conductors — 
Relative A'mount of Copper 
Requited 

Single-phase 

100%, 

that IS, 2/oos® ^ 

Two - phase 
3-wire 

146% , 

„ 2 92/cos® <!> 

Three-phase 

76%, 

„ 1 6/cos® <1) 

Two -phase 

100% , 

„ 2/cos® ^ 



INote — ^These voltage and phase diagrams are 
drawn to scale for purpose of visualising the true 
relations 
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-A. rura/1 fcGcior scIigiiig may involvG tli6 us6 of a socondary 
circuit-breaker, which opens reTerse power, and one that is reclosed 
either by hand or automatically, such a scheme should be backed 
by fuses The automatic reclosmg breakei, after tripping under 
reverse power from the network, should reclose in case the voltage 
on the network side is lower than on the transformer side The 
feeder and its transformer should be disconnected from the system 
in the event of any fault 

Transformers may be completely isolated from feeder sections, 
or may be solidly connected to them and operate as respective 
units with them, this latter is generally the only expedient 
Difterential protection can, as desired, be employed across each 
transformer installation 

The use of a strictly radial primary feeder system may eftect 
a saving in hnear yards of primary hne, but for maximum economy 
it may be necessary to taper off the conductor size in order to avoid 
excessive voltage gradient between feeding-pomt and the outer 
edge of service area with heavy load densities The added cost 
of the larger conductor, together with the cost of putting up con- 
ductors to keep up the load growth, is more likely to offset the 
cost of the added hnear yards of primary in the grid form of feeder 
The use of a secondary netwwk (not always obtainable in rural 
districts) effects great economy m transformers, and, where good 
construction is employed, experience shows that service conditions 
have been much improved 

For maximum service contmmty it may be necessary to parallel 
and/or interlace the different feeders, and this may take several 
forms for the different schemes used The degree and kmd of 
interlacing will affect the capacity of feeders of transformers as 
well as the characteristics of the system 

Each of the sections of an interconnected secondary network 
" should be so designed that respective transformer mstaUations are 
at the approximate centre of the load on the section, preferably 
so located that the current is distributed in a number of directions 
Thus, if there is a group of properly designed secondary sections 
(possible in urban areas), they can be interconnected with advantage 
to form a network for parallel operation 

In the event of failure of any transformer on the network, its 
load should be taken up by adjacent transformers if continuity 
of service is to be maintained, and this is where a danger hes if 
the network transformers are not properly proportioned as to sizes 
and do not have proper protective equipment. On this particular 
point it is evident that. 
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Impedance m the circuits between paralleled transformers 
may cause heavy cross-currentSj etc , hence transformer 
distant spacmgs may present a danger and a loss 

The more transformers there are in parallel, the smaller 
proportionate overload each wiU bear when any one umt fails , 
and that 

All umts feeding into any interconnected network should 
be of approximately the same rating, otherwise a failure of 
any larger umt will disproportionately overload the smaller 
one adjacent thereto 

The most economical practice m the long run is to have only 
a few standard-sized umts, and to run moderately heavy secondary 
ma in a to permit taking on additional load as the district develops, 
by simply adding transformer umts at intermediate points on the 
a-ingf,mg mnina It IS bad practice to install small secondary mams 
and small transformers, for the cost of continually increasing their 
Size as new load comes on means a relatively heavier ultimate 
mvestment, rapid depreciation of materials used, loss of revenue, 
etc To tlus end, poZe sizes in the imtial stage of developing an 
area should not be overlooked, also, the best use of transformer 
types should not be overloaded, % e smgle-phase units and poly- 
phase umts 

The loop-feeder scheme with sectionahsmg circuit-breakers on 
the primary feeder side can'be operated with an automatic circuit- 
breaker with fuses on the low-pressure side of the transformers 
As the loop IS sectionahsed, m the event of trouble only a section 
of the feeder is disconnected from the system In view of its 
simphcity and rehable operation, the balance pilot- wire protection 
methods for this scheme and this country seem to be preferable 
to the reverse-power and other relay methods of protection, but 
they should not be instituted regardless of all factors 

Transformers supplymg hghting service may (or may not) be 
connected m parallel on their secondary side , but where they are 
not so connected, they should be connected consecutively across 
the various phases of the pnmary feeder, with an endeavour to 
maintam as nearly as possible or practicable a balanced load on 
the three-phases locally, as well as the total at the sub-station. 

In the design of any distribution secondary system the voltage 
at the consumer’s services (temunals) is of first importance The 
voltage is hmited by law, as is also the voltage drop The safe 
maximum voltage of the secondary supply is relatively high, in 
fact so high as to affect the life hazard far more (when comparmg 
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relative numbers of consumers) than the possibihty of a broken 
primary feeder, which is far too speculative and is well out of the 
way under normal conditions , that is, for this country, the voltage 
at the consumer’s terminals would normally be 400/230 volts, or a 
d c equivalent of V2 x 400 =566 volts or/and V2x 230 =325 volts 
at the lamps for the latter case (a dangerous voltage), and motor 
installations for the former case Interhnked with the hfe hazard 
IS the fire hazard — ^both hazards are greatly dimimshed by havmg 
the neutral point of the system sohdly earthed As distinct from 
this system, in times of hne trouble the normally non-earthed 
system may be earthed on any phase conductor, or certain hne 
conductors may cross, and under these conditions the hnemen 
clearing the trouble may be exposed to much higher maximum 
voltages because of the many possible combinations of earths and 
crosses and relatively greater dangers of a non-earthed system 

The secondary system protection when considered m the form 
of a grid is divided into 

Protection based on faults m the mams, clearing themselves 
by burning clear. 

Protection based upon fusing the mains, or blowmg fuses, 
to disconnect the mam in trouble — ^this being the common 
method employed 

The single-phase 3-wire system can be taken as the equivalent 
of two 2- wire systems combined, so that one conductor serves as 
one side of each of the two systems, ]ust as m the d c 3-wire 
system If the load is exactly balanced between the two systems, 
the neutral conductor carries no current, and the system acts as 
a 2-wire system at twice the voltage of the component systems, 
with each unit of load of one component system in senes with a 
•similar unit of the other system If the neutral is not balanced, 
the neutral conductor cames a current equal to the difference be- 
tween the currents in the outside conductors For a balanced 
system the power loss and volts drop are computed m the same 
way as for a 2-wire hne consisting of the outside conductors, 
neglecting the neutral- For a three-phase 4- wire system conditions 
of unbalance load are more complex than the single-phase 3- wire 
system 

It is obvious that, with time, sections of a distribution system 
develop to such an extent that, owing to the resulting poor regula- 
tion from growth of load, the only remaimng solution for a smgle- 
phase line is to convert to the three-phase 4- wire system, this 
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change being necessary for the purpose of not only improving the 
service, but also for increasing the economical radius of distribution 
In changing over from delta to star with earthed neutral (to 
the three-phase 4-wire system), a number of weak points are hkely 
to show up at the time of change-over, but once these are cleared 
the operation is as rehable as any system, such as the delta system 
with isolated neutral There are advantages in having a fault 
show up at once by causing a short-circuit, in preference to a 
number of weak earths which may show up at once or show up 
at the wrong time, % e during the worst weather and/or under 
heavy load 

In the three-phase 4-wire distnbution system, which is a 
symmetncal polyphase system, the transformer or transformers, 
for polyphase use, are ordinarily connected m sta>r or delta on the 
pnmary side and star or delta on the secondary side, star-star is 
the most economical (see Table II ) , delta connection on the 
secondary side is very rarely employed for 4-wire distribution, and 
it IS an unsymmetrical polyphase system 

Smce the hne voltage in the three-phase 4-wire system is 1 732 
times that of the three-phase 3-wire, the line current is proportion- 
ally less, and the hne drop is directly proportional to the line 
(Current, it therefore follows that the size of conductor required 
for the same kVA load and with the same permissible loss is one- 
third (0 333) of that required for the 3-wire three-phase, it is there- 
fore admirably suited to primary distribution It also follows 
that if a 3-wire three-phase hne is converted into a 4-wire three- 
phase hne, the kVA capacity of the circuit is threefold, which is 
a better reason for using it in pnmary distribution Also, if two 
smgle-phase circuits are combined into one 4-wire three-phase 
circuit, the kVA capacity of the latter is three times that of the 
two single-phase circuits combined 

The earth (the ground itself) can be, and sometimes is, used 
for the neutral as a return, but a fourth conductor is always 
desirable and represents good practice Nevertheless, emergency 
cases do anse, and for such cases have been applied by the author 
m certam foreign countries, where the ground itself was used as 
the return or fourth conductor Pig, 32 is the preferred method 
One of the advantages of three-phase 4- wire distnbution is its 
successful apphcation for both power and lighting purposes regard- 
less of load balance If a smgle-phase feeder regulator is installed 
in one phase, it can be adjusted to give a constant voltage at any 
point on the hne regardless of the load on the other phases. A 
three-phase 4-wire circuit can be used for supplying all the current 
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for an area, whetlier it is used for lighting, power, or heating, and 
the necessity of duphcate or multiple or paralleling of circuits 
as well as investment costs are thereby rendered submittive, and 
the method of supplying the load tends to increase the load factor 
on the circuits as well as the diversity 

If the circuit distnct is fed by single-phase mams, it may be 
more desirable to divide it mto a number of divisions, each fed by 
a single-phase feeder from the star (1 732 voltage) feeding-pomt 
With this arrangement, single-phase distribution is maintained 
and operated just as on the phase to neutral voltage (1 0 voltage) 
system, and the change from one system to the other is thus greatly 
facihtated Each smgle-phase feeder is connected across a difterent 
phase, the endeavour being to keep the loads as equally balanced 
as practicable. 

If a distnct is fed by three-phase mams, it may have a principal 
mam with branches, which are either smgle-phase or three-phase, 
depending upon the density and/or the connected load and the 
load size in units If possible, this prmcipal mam should be laid 
out to connect with the principal mam or mams of adjacent circuits, 
and full advantages can then be obtained whenever the load 
requires rearrangement of the circmts 

If the neutral conductor of the three-phase 4- wire should break, 
which IS possible in overhead work, and a senous condition to 
study, an imbalanced load on the phases may result, and this may 
cause an unbalance m voltage sufficiently high to overstress lamps 
m the circuit at the time This is caused by the change of current 
in both primary and secondary wmdmgs of the transformer, and 
if two phases are heavily loaded and one phase is almost without 
load, the difference in reactance m the primary may cause the 
neutral pomt of the circmt to be moved out of centre The trans- 
former wmdmg on the loaded phase would then be practically m 
senes between the phase conductors, and would dehver a secon- 
dary voltage nearly double that under normal conditions , the trans- 
former windmg on the phase carrymg very httle load would have 
a voltage of about double impressed upon the primary, and the 
secondary would probably be very much higher voltage than under 
normal operating conditions Such a condition with good line 
practice is unlikely, but one of the surest ways to overcome such 
a hazard is not only to earth the neutral at the generating or mam 
sub-station or the distnbutmg centre (as the case may be), but 
connect the earthed neutral of different circuits if possible, or, 
f ailin g this, earth it at other most effective and convenient pomts 
on the distribution In this way one or another of the connections 
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would serve as a path m parallel mth the neutral conductor, and 
the earth would take care of the unbalanced load and prevent 
sufficient distortion from the broken neutral doing any damage 
The neutral conductor may have a switch or a hnk, but never a 
fuse in its circuit (see also page 20) 

Where three-phase 3-wire power circuits are strung, sometimes 
it may be found advisable to run a fourth conductor to provide for 
open-star operation of a transformer bank, or wherever it may 
be desirable, to take an emergency single-phase lighting connec- 
tion from the power circuit Also, for hne construction in general, 
where there are three-phase 3-wire circuits there should be satis- 
factory space available for the location of a fourth conductor on 
the pole In fact, there are so many advantages in using the three- 
phase 4- wire primary feeder and three-phase 4- wire secondary main 
distribution that it will be very generally used in future (see fig 32) 
When a large area is to be supphed, the best voltage regulation 
IS obtained by estabhshing distribution centres to which power is 
supplied direct by feeders, and from these power can be distributed 
to mams, thence to the consumers Between these distribution 
centres and the supply sub-station no load is, as a general rule, 
taken off the feeders, hence the voltage at the distributing centre 
can be kept at a constant value, and the mains (or/and large 
consumers) can be supplied with better voltage regulation than 
would otherwise be possible Pilot wires from the distribution 
centres may lead back to the station voltmeter, so that the opera- 
tor in the station can keep the voltage at the distribution centres 
quite constant In feeder systems provided with wires for regu- 
lating the voltage at the supply end, the voltage drop is not hmited 
to the low value permissible for hghting mains , hence the conductors 
may, as desired, be proportioned for economy 

As a general rule, a single-phase feeder regulator for hghtmg 
circuits IS used on each phase conductor, such a regulator would 
have the primary excited from a phase conductor to neutral, and 
the secondary in series with the phase conductor If the load is 
unbalanced, current will flow through the neutral conductor, and 
a line -drop compensator and current transformer employed to 
provide compensation for drop on the neutral conductor The 
regulator is placed in senes with the phase conductor, and set 
to compensate for the drop along the Ime to the feedmg-pomt 
A compensator is installed in the neutrals of long radial circuits 
to compensate for the neutral drop m case of badly unbalanced 
loads Regulation is improved by not connectmg load to 
the feeders between the station and the centre of distribution; 

14 
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sufficient copper should be provided to ensure good regulation to 
the distributing mains beyond the feeding-point 

The desirability of a careful balance of load on a three-phase 
4--wire feeder is not so very important as many believe, because, 
•with this system, the neutral conductor carries the unbalanced 
current, and the pressure can be regulated on all phases satis- 
factorily, practically regardless of balance Tor a rural distnct 
it is usually necessary (because of mitial cost) to start out with a 
single-phase feeder, this we can do ■without fear of poor regulation 
We can start out smgle-phase and use one voltage regulator only 
and place all hghtmg load on that phase, and as more lighting load 
is added, another smgle-phase regulator and phase conductor can 
be installed, finally, the third phase can be loaded so that all 
the three phases are ultimately loaded In practice this method 
of operatmg a three-phase 4-wire system has proved both eco- 
nomical and entirely satisfactory, a voltage-drop compensator 
IS, of course, installed in the neutral conductor It is sometimes 
stated that the three-phase 4- wire system is very poor in regulation 
as compared -with the best of other systems — actually the opposite 
IS the case In fact, the method of operation outhned here should 
help to show the superiority m flexibihty and extent of this system 
over all others (see p 189) It is admirably suited to distribution 
m scattered districts where low first cost, difficulties in balancing 
loads, and good regulation are the ontena, and where the system, 
taken as a whole, can be put in piecemeal and require the least 
modification to complete the whole And, apart from its ad- 
vantages by usmg the mdireot method, this system also permits 
feeders to be loaded more heavily than is possible when a load is 
distributed from a smgle centre 

For the three-phase 4- wire system, if it is required to keep the 
voltage drop as low as possible in case of unbalancing and also to 
pro-vT.de for smgle-phase operation in case of a phase conductor 
breakmg, the neutral conductor should, wherever possible, be 
of the same size as the hne conductors (see Table XXXVIII ) 
From this -view-pomt it is well to keep in mind that it may be 
better, and more economical in the long run, to deal with excessive 
voltage drop by additional copper than by dependmg too much 
on voltage regulators, and additional copper always offers ad- 
vantages m other ways, on the other hand, it would be unwise 
to omit voltage compensator advantages for such cases Earthmg 
the neutral at one pomt is the law, but it is usually foxmd that better 
and safer results are obtamed by earthmg the neutral at the station 
and at another desirable pomt (see also p 197). 
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Table XXXVIII 

Relative Conductor Requirements fop Equ\l kW Delivered, which is the 
More Pr\ctic\l B^sis for Coaiparisons, assuming cos ^=1 0 



Relative Total Conductor Weight, based on Voltage 
between Line (or Phase) Conductors 

Conditions 

Dc or Ac 

Tuo- 
phase^ 
’4- wire 

Quarter- 

pTia^e 

5-wire 

Thee phase 


2-wire 

3-wire 

3-wire 

4-wire 

4- wire ^ 

Equal percentage power 








loss 

1 00 

125 

100 

125 

0 75 

0 875 

100 

Equal percentage ohmic 








volts drop 

1 00 

125 

100 

125 

0 75 

0 875 

100 

Relative economic size 

100 

1 25 

100 

125 

0 866 

101 

1 155 

(Based on Voltage from Lme (or Phase) Conductor to Earth ) 


Equal percentage ohmic 






0 292 

0 333 

volts drop 

100 

0 313 

100 

0 282 

0 75 

Equal percentage power 




0 282 

0 75 

0 292 

0 333 

loss 

1 00 

0 313 

100 

Relative economic size 

1 00 

0 625 

100 

0 563 

0 866 

0 583 

0 666 


^ Neutral conductor is of the same size as the line (or phase) conductor, this being the 
more effective piactice In all other cases given m this table, the neutral conductor is 
based on it being 50 per cent as large as one of the Ime (or phase) conductors 

® This two phase 4 wire system does not carry a neutral conductor For a c systems 
umty power factor is assumed here The giiarfer-phase 5- wire is an interconnected two- 
phase system 

The voltage drop between any two points on a distribution 
circuit IS the difference in voltage between those points, or the 
voltage necessary to pass the current through the senes impedance 
between those points That is, it represents the difference between 
the maximum and minimum voltage, or difference between voltage 
at no load and at full load Voltage drop is not equal numerically 
to impedance drop except when the impedance drop is in phase 
with the line voltage Voltage drop is more commonly expressed 
by the approximate formula 

I(R cos ^+X sin volts (seep 104) 
where R = resistance of conductor in ohms between the two pomts 
considered, 

X =reaotance of conductor in ohms between the two points 
considered, 

I = current in amperes , 
cos ^=power factor of the load, 
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Single-phase or polyphase regulators may be used, but the former 
practice is more general 

The tot^l regulator capacity is given by 

(kVA) 

100 ^ ' 

where e per cent =regulator rated percentage , 

P =lme load m kVA 

Thus, for a single-phase feeder with transformer ratio of 10 to 1, 
the voltage boost or buck is usually 10 per cent and the total 
booster capacity, in percentage of total line load in kVA, is 10 
per cent , for a three-phase system with a three-phase transformer 
umt, connected star on primary side — ^for a 10 to 1 ratio — ^the 
percentage voltage boost and buck is 17 32 per cent , and the total 
booster capacity in per cent of total line kVA is the same, and 
where three single-phase transformers of the same ratio (10 to 1) 
are used and connected in star on the pnmary, the voltage boost 
and buck is only 10 per cent , and the total booster capacity in 
per cent of hne kVA the same, but for a delta connection it is 
17 32 per cent 

In certain emergency operations the methods available are 
fundamental Taking a few cases and going back some twenty- 
five years, the author recalls certam methods of emergency opera- 
tion (employable to-day and for all time), where, for instance, a 
phase conductor is broken or a transformer disabled, or where the 
cheapest safe construction is desired In those days where the 
load was small, it was sometimes found necessary to stnng one 
conductor only for a single-phase service, and earth one side of the 
transformer giving (for long periods on end) supply to rural districts 
For loads up to several hundred kVA it was sometimes found 
necessary to operate a three-phase circuit on two conductors for 
a polyphase motor service, usmg earth return on the pnmary 
and open-delta on the secondary On the 66,000-volt system, 
loads of over 1000 kW were transmitted very long distances 
(sometimes 100 miles), usmg only two single-phase transformers 
a{«r-connected on the pnmary with earthed neutral, and open- 
ddfa on the secondary, very often the consumers were none the 
wiser. Also, where one phase of a three-phase group of trans- 
formers supplymg a three-phase 4-wire distribution was damaged, 
the remammg two smgle-phase umts were operated to supply 
three-phase motor service of very large aggregate capacity , this 
latter emergency measure (see p 214) also served where one-phase 
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conductor was broken These are useful substitutes for operating- 
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Fig 32 —Showing method of obtaining three-phase supply from star-delta when one- 
phase transformer has faded. 

engineers and others, and where pernntted by law, should prove 
helpful to tide over an emergency period. 

To overcome most possible operating troubles the first thmg 
IS to start out ■with the nght system, and ■where possible make use 
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of emorgoDoy motliods outlined above when other peimissible 



Fig 32a. — S howing method of obtaimng three phase supply from a three-phase 4-wiie 
system with a hohen, phase conductor and/or with a disabled phase transformer 

methods fail In the layout of the distribution system itself, it 
IS necessary 

To arrange emergency feed m case of a failure m a feeder, 
or on a section of a mam, by providmg for the transfer of load 
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between circuits at various points , the transfer of load between 
circuits usually can be effected by pole-type disconnecting 
switches 

Where an outage of power service may cause serious in- 
convenience or possible loss of hfe, arrange for duphcate 
service to be taken either from a neighbourmg power circuit 
or, if possible, run a lighting circuit where three-phase hghtmg 
mams exist 

Same as the last mentioned for power, the hghtmg 
service should take duphcate service from other hghtmg 
circuits or from single-phase or a power circmt 

For the purpose of isolating a defective portion of the 
circuit, to install pole-type disconnecting switches. 

To arrange for an emergency circuit which may be fed 
from the same sub -station as a regular circuit, or where possible 
the circuit may come from an entirely different sub-station, 
thereby offering greater assurance of contmuous service 

To provide emergency circuit by overlappmg the mams 
of circuits from two different sub -stations and provide taps 
from both circuits, and arrange switchmg so that service can 
be transferred readily to either mam, this has an additional 
advantage over the last-mentioned method m that it provides 
against a failure of an entire sub-station or mam transformer 
bank or three-phase umt 

To have the neutral conductor of the same size as phase 
conductors, so as to provide for smgle-phase operation m case 
of emergency 

In order to protect all parts of the circuit against excessive 
voltage to earth, and to protect smgle-phase transformers for 
lighting against excessive voltage, to earth the neutral at a 
sufficient number of points along the hne, or have the different 
neutrals tied together. 

Provided that the neutrals of power banks of transformers, or 
polyphase units, are not tied m, the three-phase 4-wire system of 
distribution usually offers less likelihood of service interruptions 
to hghtmg loads than the three-phase 3- wire circuit, for, if one 
phase breaks down the other two phases and neutral are still able 
to supply their respective smgle-phase loads with but httle or no 
effect occasioned from the failure of the other phase transformer 
In so far as the question of hghtmng protection for pole-type 
transformers is concerned, where single-phase transformers are 
used, it IS desirable in most countries to connect an arrester for 
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full line-voltage on the phase conductor, and a spaik-gap of lo-w 
voltage on the neutral conductor On power transformers it is 
desirable to connect arresters for full line-voltage on each of the 
phase conductors and install a low-voltage spark-gap on the neutral 
conductor By earthmg the neutral of the circmts both at the 
supply end and at the feeding points, some hghtmng protection can 
be obtained In this country, protection from lightning is expected 
from the use of a short length of cable For good earths, earth the 
1i glit.TiTn g arresters and transformers independently of the system 
general earth 

Automatic transformer protection is provided either by the 
balanced method or by reverse power relays on the low- voltage side 
oombmed with overload and/or earth leakage protection on the 
high-voltage side , also pilot-wire schemes 

The different transformer connections hkely to be used on 
distnbution service, and the relative percentage kVA capacities 
of single-phase groups, are 

Table XXXIX 

Relative Transformer Rating for J^iffjsjrent SisTbMs 


Method of Connection 
employed 

Requued Single-phase 
Rating 

Ktiinboi of Siuglo-phase 
Tiansf 01 11101 s emxdoycd 

Star-star 

6x100 =600 

Six 

Delta-star 

6x100 =600 

Six 

Delta-delta 

6x100 =600 

Six 

JkUa-“ V ” 

5x 80 =400 

Five 

“ Y Y ” 

4 x 86 6=347 

Four 

te }}_(( 99 

4x86 6=347 

Four 

Delta 

3x100 =300 

Three 

Stwr 

3x100=300 

Three 

€fi Y 99 

2x86 6=173 

Two 

CC ^9 99 

2x86 6=173 

Two 


In preference to adding reactance study the addition of reserve 
transformer kVA capacity, which is more effective and permits 
better voltage regulation owing to the decreased impedance For 
overhead distribution hnes mcreased impedance is not nearly so 
important as for underground construction The choice of the 
correct transformer reactance depends on the size, length, and 
arrangement of the secondary distribution, spacing and size of 
distnbution transformers, type of load and its distribution, etc 





Pio 32b -Distiibution system with proposed modification rep^entang the 

4-we S for supW or transfori^tion of three-phase, 3- or 4-wire, aad/or two 
plZ 4- oTs-Xe s^metnoal relations and a common return or neutral for both 


systems 

Note — The author 


that such a practice of earthing as shown here is, as yet, 


not permissible in this country 


an arc-fault It is also desirable from the point of caparaty 
since the current wiE be supplied from more transformers, thus 


218 DISTBIBTjTION of bleotbicity by ovbbhbad unbs. 


mnl-ing more transformer kVA capacity available to carry a short 
oircnit current Where distribution transformers are operated in 
parallel and situated some distance apart, respectively, the impe- 
dance of the circmts plays an important part on economical 
operation, cross currents, voltage drop, etc 


Table XL 

Eelative Maxhtum Voltage Steess foe the Most Useful Thebb-fhasb Systems 
WITH Eabthed Nbuteal 

(By the Indirect (Multi-transformation) Method, see p 186 ) 


Eelative Maximam Voltage 


Transformer Connections 

On Phase Unit 

Between Phases, 

To 

Earth 

Step- 

up 

Step- 

down 

hp 

Ip 

Ddta-‘' Y ” to “ r r ” 

1000 

1000 

1 000 

1 000 

0 677 

Ddta- ‘ r ” to Delta- Y ” 

1000 

1000 

1 000 

1 000 

0 577 

t Delta-‘' Y ” to “ Y ’'-delta 

1000 

1000 

1000 

1 000 

0 677 

t ‘ Y ”-ddta to “ Y”-“ Y” 

1000 

1000 

1000 

1 000 

0 677 

“ Y V ’’ to Y Y ” 

1000 

1000 

1000 

1-000 

0 577 

Y^’-delia to ^^Y^^-delta 

1000 

1000 

1 000 

1 000 

0 677 

Delta-delta to “ F -delta 

1000 

1000 

1000 

1 000 

0 677 

• 7 ” to “ y ” “ 7 ” 

1000 

! 

1000 

1000 

1-000 

0 577 


(By the Dtrea (Smgle transformation) Method, see p 186 ) 


t “ F ” to “ F ” 

riooo 

1000 

\l-732 

1000 

t “ F ” to Delta 

1000 

1000 

t “ F ” to “ V ” 

1-000 

1000 

Delta to y ” 

1000 

1000 

V ” to ‘‘ y ” 

1000 

1000 

Delta to Delta 

1000 

1000 

“ V ” to “ V ’’ 

1000 

1000 

cc y » a y „ 

1000 

1000 


0 677\ 
1000/ 
1000 

1 000 
1 000 
1 000 
1000 
1000 
1000 


Vofe.— The last three systems do not have “neutral” earthed, unearthed systems 
are subjected to a voltage to earth equal to 1 732 times the normal value t Neutral 
point of generator also earthed. 
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ASPECTS OF DISTRIBUTION MAINTENANCE. 

la contrast to ttausnussion lines, distnbntion lines require much 
more watchfulness due to their relatively more dangerous locatums and 
to the relatively greater handling to which they are subjected Zt is 
dum^ the winter months, or the penod of severest weather, that paiv 
hcnlar vigilance must be exercised by the Imemen 

Public highways are not suitable places m which to locate and run 
distribution Imes and service connections For pnmaty supply to rural 
areas, always seek fields m preference to roads, and for residential areas 
seek ^ejrs or hack-plots m preference to streets, for they are not only safer 
because people do not ordmanly use badk-^ots and alleys to the same ex- 
tent as front entrances and streets, bnt usually both sides of alleys can 
be served, thus avoidn^ two pole hues m a street or the crossing of streets 
with service coimections 

Bequirements of mamtammg service have mtrodnced the practice 
of looping or parallehng feeders on the same secondary side, and also 
pa r ftllAhng a multiple of feeders on the same secondary network. In 
some cases alternate transformers are connected on different feeders pro- 
viding mamtenance of service on the network m case one feeder fails 

Proper maintenance should be established and periodical inspections 
of poles, crossarms, pms, stays, etc. This is the surest way to 
guarantee full contmmty of service 

Where the low-pressure secondary network is protected adequately by 
there can be httle or no hazard from high-pressure crosses, acm- 
dental or mtentionaL A Tmnntiiim impedance and ample curreat^iairy- 
ing capacity should be mamtamed from the secondary distnbntion 
system to earth, and this is best effected by a contmuous network for the 
g ^<>tifla.ry ncutral covermg the whole area served. Penodic tests of 
the impedance to earth should be made; these tests should be made 
during the dry penods. 

A dangerous line will comprise one or more of the following : one 
with defective supports, insufficient accessibihty and/or clearances 
between hues and conductors, above ground, from buildings, and work- 
ing clearances; msuffiment strength; msuffimoit protection; too great 
a tension, too hi^ a resistance (or impedance) to earth; msufflcient 
feeder protection; unreliable earfli leakage rdays; msuffiment secondary 
protection , insufficient protection of communication circmts from high- 

pressure ccnduotors, etc u. 

The “ V ” guard and certam forms of guard wires are onen dan- 
gerous and unnecessary, and it is always better to apply means to 
prevent a condnotor faU^ than to load up a si^port with devices to 
catch it on its way down. In all cases, prevention is better than ^e. 
Pif tTiar dawg n and construct so that srfe^ devices ate not tequireA or 
provide perfect safety devices for the Ime— do one or the other. Adop^ 
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coirectly apply, and thmk more of proper safety standards of construction 
and the best system, then there will exist little or no reason to put up 
so-called safety devices. 

Prevention of accidents is more desirable than cure, and all hnes 
should be designed and constructed to stand up to the work required 
of them, and any spare money (intended for guards and the like) 
would be more profitably spent m improving the hne itself 

Climatic conditions affectmg operations are of a varied char- 
acter and demand every attention as already pointed out It is 
only by a careful study of any given district that safe and proper 
loadmg conditions and the most correct design can be determined 
The vanous chmatic and atmospheric conditions to be encountered 
in operation, are 

Rapid temperature changes, 

Coating of insulators with dirt or dust , 

Insulator depreciation induced by high daily temperature 
ranges, 

Deposit of soot and/or fog, 

Very wide temperature changes, 

Hazards mcreased by the arrangement of conductors, 
method of construction, etc, 

Heavy or long steady rams, 

Lightning storms. 

High winds and/or ice loadings. 

Thus we find, owmg to chmatic and atmospheric conditions 
and certam kmds of construction, that worse dangers are en- 
countered in msulation than mechanical strength, and this is 
apphcable to all voltage hnes It has been shown that the best 
operating conditions are obtamed with wood poles free from 
earthed wires in contact with them , for such hnes the construction 
costs are the lowest and operating conditions the best Where 
lightmng storms are practically non-existent, which are the usual 
conditions prevailing in this country, this practice is especially 
recommended for hnes in general and for all voltages up to the 
highest in use, or hkely to be used m future 

The vanous parts of a distribution system requiring protection 
are the * 


System of primary feeders, these are equipped with oil- 
switches 

System of mams , these are equipped with oil-switches. 
Distnbution transformers , these are equipped with either 
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a primary circuit-breaker and/or fuses, and/or fuses and/or 
reverse-energy circuit-breakers on the secondary side , and the 
Secondary network, generally equipped with fuses only 

The faults to be expected on a distribution system are those 
from earths and short-circuits on the primary feeders, internal 
failures inside the transformers, and earths and short-circuits 
on the secondary mains and branches On an ordinary radial 
feeder, protection of faults on the primary are seen to and cared 
for at the sub -station and/or at the distributing centre 

The possibihty of falling conductors and other hne accidents 
are due to many varied causes, varymg in different countries and 
for different conditions Some of them are 

Decay or corrosion of hne-supports , 

Unaccounted-for mechamcal loads, due to excessive tension 
caused by falling trees, etc , 

Lightning, 

Wind storms, particularly m conjunction with sleet, 

Arcs from short-circuits, 

Breaking of wires of the strand at the msulator, 

Broken tie-wires , 

Weak joints, kinks, and abrasions. 

Weak insulators , 

Weak pins and crossarms. 

Poor foundations 
Errors in design , 

Mischief, 

Weak parts due to imtial faults and careless handlmg and 
erection, and inferior quahty of materials 

Service interruptions may result from poor hne location, inferior 
design and construction, and from an inefficient operating and 
maintenance organisation No matter how good the design 
and construction, or how few might be the hazards resulting from 
favourable line location, if there is a poor operatmg and mamten- 
ance organisation interruptions to service are bound to be increased 
owing to haphazard or partly fimshed repairs, etc as well as in- 
creased time in restoring service at every interruption, also the 
inspection of lines and locating of faults will not be so regular or 
efficient, and equally sound judgment in the direction and handling 
of troubles on the hnes and in the stations cannot be expected, 
neither will repairs be as sound and efficient To give reasonably 
good service, apart from the fact that a hne may be badly located. 
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designed, and/or constructed, it is necessary in cases of interruption 
of service to give prompt attention, apply sound judgment, know 
one’s work thoroughly, and so forth, if it is desired to reduce the 
number and the time of interruptions to a mimmum 

On the primary hnes, flash-overs are about the most trouble- 
some occurrences These may be due to birds, to dirty insulators, 
to excessive moisture, dew or soot, to hghtmng or voltage surges, 
to the method of construction, and to mysterious causes Dew 
formation in the early mommg hours has been the cause of much 
trouble on extra high voltage hnes 

lone supports, crossarms, msulatois, stays, etc should be 
systematically mspected and maintained by treatment, good 
repair, or replacement , a good operating and maintenance oiganisa- 
tion will ensure this Experience has shown clearly that in direct 
relation to the efficiency of the operatmg and maintenance organisa- 
tion, a relatively more reliable hne and distiibution system will 
be obtained In fact, owmg chiefly to an efficient staff, what can 
be classed as poor practice can be sometimes transformed into a 
condition almost equal to accepted good practice or good service 

Lme poles should be numbered in order that a de^te reference 
and record may be given by the men who are to maintain and make 
repairs Stays should all be kept puUed up tight (but not too 
tight), for the staying of a hne is its real strength It is usually 
during the winter months that particular vigilance must be 
exercised by the hnemen 

A system of emergency switching points on large distributors 
is of much value and is always necessary Certain selected 
points on principal mams and/or on feeders can be equipped with 
smtable disconnecting switches, by which the lines can be section- 
ahsed and cut off m an emergency This facihtates better and 
quicker work, safety for the hnemen, and helps to reduce the time 
of an mterruption Emergency switching points are also necessary 
for making repairs and for testmg purposes, or for making taps, as 
hnemen should not be made to work on hve high-voltage feeders 
or mams 

When hnes are located on private wayleave the hazards to the 
pubhc from broken conductors and current leakage are reduced 
to an almost neghgible value as compared with hnes upon public 
highways and other populous parts, open to pedestrians and/or 
vehicles Only trespassers are hkely to be injured m case such 
hnes come down, and consequently it is much safer to locate lines 
through fields than along roads And, looking at the subject 
m another way, it would be unreasonable to enforce the same 
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construction req[uirenients for sucli lines and locations as for lines 
located on public highways, which comparison may be extended 
to that of remote territory and scantily populated areas Obviously, 
a fallen conductor in a locahty havmg a population of 5000 persons 
per square mile is a greater menace than where the population is 
only 50 per square mile The degree of hazard is also determined 
by the voltage of the circuit as well as the system used Technic- 
ally and practically, the hazard can be determined to a large 
extent by the way the conductors aie arranged on the pole, the 
kind or type of construction, the number of conductors, and/or 
circuits on the same hne support of the same (or of different) 
voltages, and so forth The chances of accidents, vhen no im- 
portant public crossing or conductors are crossed, are very shght 
even when the voltage is high (33,000), as few persons wiU, as a 
general rule, be concerned with such conductors even when they 
fall to the ground The danger is rather when high-voltage con- 
ductors are crossed, or running parallel, with low-voltage circuits 
and the latter may then accidentally make contact and cany the 
high-voltage into houses, and in this way subject many to hfe and 
fire hazards 

As connections must always be made at the terminals of trans- 
formers, switches, etc ivhtch me always of copper, it is important 
in distribution work to use copper and/or copper-alloy conductors 
in preference to other conductors Corrosion and dangerous loss 
of strength due to atmospheric influences, etc where aluminium 
and steel are used and jointed to copper, is a very serious matter 

The employment of non-corroding metal for conductors adds 
materially to the avoidance of hazards from fallen conductors 
Copper IS the best conductor as judged from every standpoint, and 
should always take preference over all others, not including very 
long spans where a higher strength conductor is used (see p 67) 
The all-alummium conductor m small sizes is so hght and its yield- 
point so low that span-lengths in ordinary use reqmre sags so great 
as to cause almost constant danger of conductors swingmg to- 
gether, and, even with reinforcement, they are hghter than equal 
sizes of copper and for the same sags would blow about more, 
thereby often causing crystalhsation of the conductor at the 
insulator support For reasonable safety, the all-alumimum 
conductor should not be used in sizes less than a 0 075 sq in 
For distribution work, the advantages of usmg the smallest sizes 
of conductors, for any given case, are not so great as appears from 
the initial saving m place of using conductors of larger size In 
districts where the load factor is low or the connected load small, 



224 DISTEIBXJTIOIS' OF ELECTBICITY BY OVEEHEAD LINES. 


a larger size of conductor may, for the time being, not be warranted 
by the greater assurance of continuity of service, on the other 
hand, if the hne is to become more important, then it is necessary to 
put in the larger conductor not only for greater assurance of con- 
tinuity of service but also for better voltage regulation, its ability 
to carry load increases, possible reduced maintenance charges, 
and so forth The districts that really call for the smallest allow- 
able conductor sizes are certain very sparsely settled and scattered 
districts (see p 248) 

In the question of working on lines, one of the most uncertain 
tasks IS the cutting of insulation on normally live conductors when 
presumably ‘"dead’ , the cut in the insulation should be made with 
every precaution just as if it v ere ahve, until the line can be earthed 
No construction work should be started on any hne, feeder or 
mam vuthout the knowledge and permission of a responsible person, 
for which apphcation should be made 

When work must be done in the vicinity of normally live con- 
ductors, two or more men should be present 

No man engaged on construction work, and not attached to the 
operating staft, should at any time attempt to operate any circuit 
A properly qualified person working with such men should be 
detailed to do such work 

It IS also important to see that no construction work is done 
on or near or aroimd hve hnes unless there is sufficient clearance 
to enable the men to work freely without taking extraordinary 
precautions 

After completion of work, the person detailed should be held 
responsible for removal of all safeguards and protective devices, 
if any, and for the restoration of the hne, transformers, etc to 
normal conditions 

In time of trouble- reduction of the time and reduction in 
the number of interruptions to a minimum is one of the most 
important matters, and only by analysing the cause of trouble can 
interruptions be so reduced Generally speaking, there are two 
troubles of this nature, namely, partial and total interruptions, 
the former are usually much more simple to deal with In handling 
these, it IS first necessary to see if the swntch has opened auto- 
matically and to examine for oil splash due to violent opening 
If this IS the case the voltage can, as desired, be brought up to 
normal, observing the ammeters durmg this process If in order, 
then energise the bus at normal voltage, and try each feeder in 
succession to locate the faulty one 

At the sub-station or the transforming centre serious damage 
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to transformers may result if a defective feeder is left connected 
to the bus It IS essential to clear the bus in the quickest possible 
time and restore the service as well That is, to clear the high- 
pressure bus or buses in the station or the transforming centre, 
as the case may be Pilot-lamps or voltmeter (if installed) indicate 
when current is on the station Energise the lines supplying the 
distributing centres or those feeders which were in circuit before 
the interruption occurred Open all or sufficient circuits or/and 
feeders so that the load will not be excessive when service is restored 
and/or when the faulty feeder is put on 

Where the transforming centres are affected, open a sufficient 
number of feeder circuits or mams so that the hne on which service 
IS restored will not be overloaded When in order, load the station. 

In this operation it is important not to connect the circuit 
at once if large motor installations are on the circuit and do not 
possess low- or no-voltage releases, such circuits should be kept 
open for a time in accordance with arrangements agreed upon 
On closing the circuit, observe the ammeters and the earth detectors , 
a relatively slow movement of the ammeter needle across the scale 
indicates a load or an overload but not a short-circuit — an earth- 
or a short-ciicuit is indicated by a violent movement of the needle 
across the scale 

To restoie service, close the oil switch and observe the ammeter 
and the eaitli detectors If the circuit-breaker trips again, 
determine which phase is defective as shown by the ammeters or 
the earth detectors on each phase If the circuit trips a second 
time and the ammeters do not indicate the defective phase, it may 
be necessary to open one conductor-phase disconnecting switch 
and again close the circuit switch If it does not trip, close the 
switch just opened and open another phase disconnecting switch, 
and close the circuit switch again This operation is performed 
to find out which phase or phases will hold and which will not 

At all times, all lines of h p or 1 p feeders, mams, transformers, 
etc should be considered energised unless properly tested for 
voltage or/and the switches are opened and blocked Before work 
IS started on any high-voltage circmt it should be tested for voltage , 
many methods are available for testing whether a primary feeder 
IS alive, the one in common use is that of the switch-rod or hook 
Eor lines operating at voltages up to 33,000 volts, the disconnecting 
switch-rod method is used It consists in touchmg the hne con- 
ductor with the metal end of the insulated rod and withdrawing 
the rod slowly to see if a spark follows the movement The presence 
of a spark (at such high voltages) mdicates that the conductor is 

15 
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alive , sometimes a tube is fitted to the end of the rod touching the 
line conductor, which glows if the hne is alive For medium voltages, 
standard gloves, insulating shields, and insulating stools are used 
On certain circuits it is necessary to guard against feed-back 
through potential transformers The author once had to replace 
a man lulled by omission of this precaution In making low- 
voltage tests it IS necessary to remove the potential transformer 
fuses, othervuse the potential transformer primary winding would 



Fig 33 — Showing a 6000 volt wood “H” frame construction {Henley) Note the 
continuous earthed guard wire, etc 

form a connection betipeen phases which, when testing, would 
produce false test results, and, depending on the methods, theie 
IS sometimes a feed-back from low- to high-tension where potential 
transformers are connected 

Also m making low-voltage tests care should be taken not to 
touch any bare conductor until after the test for “foreign” voltage 
has been made This is because low-voltage tests often require 
handling m close approach to high-tension conductors, and apart 
from danger to life there is a likelihood of burmng out the testing 
set Hence, the first requirement for personal safety and pro- 
tection of the testing set is to test for foreign voltage The switch- 
rod test may be apphed here A charging current may or may not 
be maintained while the rod is being withdrawn, and there may 
be an entire absence of a spark, sometimes the absence of a spark 
js not a sufficient test that no foreign voltage is present In such 
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cases it may not be obvious that the voltage is too lo^^^ to produce 
a noticeable spaik, yet the actual voltage may be a dangerous one 

For the primarj feedei or any high-voltage line, it is necessaiv 
first to test for foreign voltage just as in the case of lo^v -voltage 
lines If foreign voltage is indicated it must be sought out and 
removed If no foreign voltage is indicated, connect leads of the 
high-tension testing set to the line conductois and earth one phase 
With the feeder regulator (if anj') adjusted to give minimum 
voltage, close the oil sivitch in circuit mth the testing set Slowly 
raise the voltage to a specified value unless an excessive current 
shows up at a lower voltage, observe the earth detectors If 
there is no current fiow, raise the voltage to normal and maintain 
for about one minute Reduce the voltage to a minimum and 
open the oil switch of the testing set Then disconnect the earth 
from the phase conductor just tested Test each phase conductor 
in like manner Transfoimer and insulation tests and earth tests 
may be carried out in the same way Line -phase and transformer- 
phase tests should have their correct phase lelations indicated by 
a zero reading on the synchroscope and/or by the lamps remaining 
dark- 

Oil-insulated self-cooled transformers are the type generally 
used on distribution lines These transformers should have the 
oil tested periodically for moisture From time to time it is 
necessary to see if the oil stands at the proper height in the gauge 
At the same time inspect the leads for oil siphoning, and see that 
the insulator bushings are free from coated dirt, and that there 
are no loose connections It is advisable to, take samples of oil 
about every six months for the purpose of testing the oil. These 
samples should be taken from the bottom of the transformer case 
If the transformer case is supphed with a clean-out valve at the 
base, this valve may be opened and a suflGlcient quantity of oil 
drawn off for a proper sample If there is no valve or plug at 
the base, then, for the purpose of drawing off oil from the bottom, 
take a long tube of glass or fibre (preferably the former), close 
the top end of tube with the finger tip, and lower the other end 
through the oil until it reaches the bottom of the case , raise the 
tube about one inch off the bottom, then remove the finger This 
allows the oil from the bottom of the case to flow up into the tube. 
Replace the finger over the top end and remove the tube from the 
transformer The oil entrapped m the tube is a fair sample of oil 
from the bottom of the case 

A method for locating faulty insulators is shown in fig 34 It 
consists of a long wooden pole with wire centre, a steel spike at the 
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top, also an antenna consisting of fan-shaped wires at the top, as 
shown About 5 ft from the ground are two binding posts 
which allow the connection of ampbfying receivers (ordinary- 
telephone head-set will do) for detecting current leakage 
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Fig 34 — Showing telephone^ 
receivei method for locating 
faultV|sluie msulatoi-s 



Fig 35 — Showing type of 60- 
ampeie aenal fuse {Henley) 
The line conductors are mter- 
locked, so that, should the porce- 
lain be accidentally broken, they 
Will not fall to the ground 


During and after storms, secondary hnes exposed at some part 
to primary lines are liable to have become crossed through actual 
contact or, more often, through tree leakage -with the higher- 
voltage hnes When men work upon low-voltage Imes at such 
tunes they should apply special precaution to make sure that there 
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IS no such dangerous leakage current by ejffectively earthing the 
supposed ‘"dead” circuit to be worked upon 

On the question of safe sizes of fuses, the following figures give 
the approximate safe fusing and normal carrying capacities for 
copper wire, also for lead fuses of lead-tin alloy consisting of 
25 per cent tin and 75 per cent lead 


Table XLI 
Sizes of Coppeb Fuses 


Diametei ot Wire 
(Inch ) 

Equivalent 

SWG 

Size 

Fusmg Current 
(Fusing Time 
= 10 Alinute) 
(Amperes ) 

Maximum Safe 
Workmg Cuiient 
(Amperes ) 

0 0092 

34 

86 

43 

0 010 

33 

98 

49 

0 0108 

32 

no 

55 

0 0120 


12 8 

64 

0 0124 

30 

13 5 

68 

0 0148 

28 

17 

86 

0 018 

26 

22 

11 

0 022 

24 

30 

15 

0 028 

22 

41 

1 21 

0 029 


43 

22 

0 036 

20 

62 

31 

0 040 

19 

73 

37 

0 044 


86 

43 

0 048 

18 

98 

49 

0 052 


111 

56 

0 056 

17 

125 

63 

0 064 

16 

156 

78 

0 072 

15 

191 

96 

0 080 

— 

14 

229 

115 


Diametei ol Wiie 
(Inch ) 


0 020 
0 022 
0 024 
0 028 
0 032 
0 036 
0 048 
0 064 


Sizes of Lead-Tin Alloy Fuses 


Equivdlent 

SWG 

Size 


Fusing Current 
(Fusing Time 
=2 0 J\£nutes) 
(Amperes ) 


Maianium Safe 
Working Current 
(Amperes ) 


25 

24 

23 

22 

21 

20 

18 

16 


3 

35 

4 

5 

6 
7 

10 

16 


20 

23 

2-6 

33 

41 

48 

70 

no 
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The functioning of a lightning protector, the installation of a 
continuous earthed- vne guard from pole to pole, and the installa- 
tion of an overhead earth- viie, all provide an easiei path for the 
hghtmng to reach the earth, the first and third are in certain cases 
accepted as good practice, but the second in its jiresent form is 
often a danger, yet can be made into a necessary expense Por 
the line itself there is provided a continuous line conductor strung 
from pole to pole which is mounted on the best insulators, then — 
according to requirements enfoiced in this country — ^the supjiorts 
are dehberately earthed, thus providing, not unlike the lightning 
conductor an easier path for the lightning or the opportunity foi 
a suige voltage to puncture the msulators , this dangei is further 
increased because the line itself forms the highest (wires or con- 
ductors) above ground, and therefore is the one likely to get the 
greatest charge from the lightning 

Several of the difierent methods which may be used for giving 
protection to overhead lines involve 

Use of better line insulators , 

Earthing the neutral point of transfoimeis, 

Retaining the insulation of wooden poles and/or crossarnis , 
Avoiding the use of metal up the pole as much as possible , 
Installation of protection tripping devices , 

Installation of overhead earth-wire, insulated from the 
wood pole, for safest Ime study fig 32 b, and pp 23, 196-201, 
Installation of hghtmng arresters and/or choke coils 

Although power service mterruptions can be reduced to an 
operating minimum b\ proper location, care m design, construc- 
tion, operation, and maintenance, it is sometimes necessary to put 
up several circuits and to locate switches correctly, etc to facilitate 
better maintenance and permit of a more suitable system of dis- 
tribution for the particular territory 

With respect to designs, these are based on the most severe 
climatic conditions (not necessarily prevailing in the district — 
a condition that should be provided for), and the line-supports, 
insulators, conductors, etc are either chosen or specially put up 
for such conditions, yet, in spite of providing the best design 
and putting up the best construction, failures do occur, and will 
always occur from one cause or another, such as a weakening of the 
insulation vath time, from polluted atmosphere, from unavoidable 
electrical strains due to mistakes, inferior construction standards, 
and unavoidable mechanical stresses put upon the system. Eor 
best system and hne, study fig 32b, and pp 15-25, 196-201 
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Some of the troubles more likely to be expected and the con- 
ditions of service to be met with in actual practice are 

For the isolated neutral system, if an earth occuis on any phase 
conductor, the normal-frequency stresses are increased 73 per cent 
The resulting arc from the short-circuit may produce enoimous 
stresses between turns in the power transformeis, and the abnormal 
voltages which are likely to occur may cause break-do vms on 
other phases and/or cause a short-circuit between phases due to 
line-insulator failures or to break-downs in the power trans- 
formers themselves 

System neutrals are sometimes earthed direct, sometimes through 
resistance, and at other times through a reactance Resistance is 
introduced in order to limit the short-circmt current Reactance 
IS introduced, and is adjusted to balance or reduce the capacity 
current in the arc to zero, the idea being to suppress the arc , these 
are not used in the neutrals of overhead distribution systems 

As far as is possible hne location should result in a minimum 
length to reach a given load and/or supply At the same time it 
should permit of a minimum number of poles as well as angles if 
they can be avoided A location should offer favourable cost for 
easements, at the same time permitting low cost for support settmg, 
accessibility for transport, distribution, erection, inspection, and 
repairs Anything between these conditions and the extreme 
opposite can be obtained 

Some supports may be unfavourably located, subjecting the 
line to many angles requirmg special construction or use of too 
many stays, subjecting it to prevading winds or to maximum 
winds, to adverse climatic conditions, and be so located as to be 
in the path of lightning, sand or dust storms The construction 
may (or may not) be of the best design as regards the type and 
strength 

There may exist an excessive depreciation of hne-support, 
crossarms, and/or stays due to excessive loading, etc due to chmatio 
and other conditions 

The unbalanced stresses may not be properly provided for. 

The preservative treatment or the galvamsing may be poor 
(too thin) and the soil not smted to the materials used 

Failures may occur owing to the weakness of the foundations or 
settings, causing an uphfting or an overturning of the poles 

The present-day construction and use of the contmuous over- 
head earthed guard is practically ineffective, and is the cause of 
many of the weaknesses already referred to above 

The hne insulators used may be poor and the mechamcal design 
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inferioi The electrical strength may be too low for the district, 
and the insulation strength may be reduced as much as the in- 
sulating value of the insulators themselves by using a continuous 
earthed guard, and it may be weakened too rapidly by the same 
and other abnormal stresses 

There may be an excessive uphftmg or/and at other points 

an excessive downward pull of the 
line- conductors 

Some of the insulators may 
have too tightly fitting metal or 
badly fitting pm 

Depreciation and failures due 
to over-testing and to unaccounted- 
for causes 

The use of too many insulators, 
or to insulators being over- 
mechanically stressed The in- 
sulation of a line is designed for 
one condition, namely, that of 
adequate insulation for normal 
operating conditions and for a 
specified normal voltage In prac- 
tice we have qmte different con- 
ditions which cannot very well be 
calculated What is required to 
Fig 36 — Method of strengthening wood known, perhaps more than any- 

pole at ground-line Cut away aU thmg else, IS the maximum to 

the rot to firm wood, fix remforemg i t j . 

rods as sho\^n, then fiu with con- wnicn it IS possible to determine 

Crete to cover the rods below and abnormal strains such as over- 
the expanded metal above the i. , n , , 

ground-ime (The illustration shows voltage, not lor a normal line, nor 

an exaggerated case of rot ) for any particular condition, but 

for abnormal strains occurring at 
(or after) the time msulation has been weakened from some cause 
or other 

Line trouble may be due to a poor choice of material for line 
conductor neoessitatmg imsatisfactory span-length and/or greater 
power loss 

The inaccurate or careless stringing and/or hanHImg of the 
conductors They are sometimes due to flash-overs from the con- 
ductors to earth or phase to phase, due to small separation of the 
conductors, or birds, and steel construction, etc 

It may come from swinging of the conductors The swing is 
greater the hghter the conductor for a given span, the greater the 
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sag and the freer the swing of the support (the insulators) , this 
swing must be allowed for 

Neglectmg such matters as mistakes in design, m erection and 
in the operation, some of the prmcipal causes of trouble and of 
power-service interruptions are difficult to understand Many 
disturbances which cause failure and interruptions can be guarded 
against by mamtaimng an efficient orgamsation 

The advantages of earthing the neutral of any system are well 
known An earth on any line conductor of an earthed-neutral 
system produces a short-circmt which causes a reduction of 
voltage on the short-circmted phase and an uncertain over-voltage 
on the unearthed phase Thus, as soon as one phase becomes 
earthed there is a short-circuit on that phase of the earthed-neutral 
transformer windmg, and a reduction m voltage on all three phases 
due to armature reaction m the generators, hence there is no 
over-voltage stress on any part of the system 

Taking the two systems, i c the isolated-neutral and the earthed- 
neutral systems, there may occur as many cases of Ime failure, such 
as break-down of insulation and other troubles common to a Ime , 
but as soon as one phase of the latter system becomes earthed, 
there is a short-circuit on one phase of the circuit or system 
resulting in a reduction of voltage on all three phases In conse- 
quence, secondary break-downs are almost unknown on an earthed- 
neutral system, and the troubles are confined to one point On 
the other hand, the isolated neutral system often follows with 
insulation break-downs on the unearthed phase conductors, then 
followed by break-downs at other pomts of the system which happen 
to be weak and/or partially earthed, the earthed-neutral system 
IS practically free from secondary break-downs, and the current m 
the short-circuit flows over defimte and known paths, which makes 
it possible automatically to mtroduce selective action by means of 
relays, etc , thus offermg better service to the entire system than 
the isolated-neutral system Moreover, where two or more hues 
are concerned, it has much greater advantages over the isolated- 


neutral system , ,, ^ ^ 

The principal argument m favour of the isolated neutral is the 
possibfiity of contmmng operation m case one hne conductor 
becomes earthed owmg to a broken msulator or broken conductor, 
or from any other cause In accordance with the regu a ions o 
this country, this argument does not stand Holding on o an 
earth m order to avoid mterruption of service frequently results 
in break-down of the msulation in other parts of the sys^m opera - 
mg with an isolated neutral Furthermore, the earthed neutral 
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sybtem (see fig 32 a) lias the advantage for operating with a broken 
conductor and or a burnt-out transforniei phase-unit 

Earthing the neutial at one j)oint only is the requirement for this 
countrj", the earth being made at the generating station or supply 



Fig 37 — Piimary side of distribution fiom the mam sub-stations to transloimiiig centies, 
bhowmg various methods of earthmg (and making) the neutral (Wheie the star 
pomt of transformers is brought out, this point can be eaithed, eithci solidly oi 
through a resistance When there is no neutral pomt available, an earthing tians- 
former may be installed Earthmg transformers are usually coimected eithei ata?- 
delta, with the star pomt earthed, or zigzag, with star pomt earthed , both methods 
have their particular advantages When the star-delta earthmg transformer is used, 
the stai pomt may be earthed either sohdly or through resistance If desired, a 
load may be taken from the delta connected secondary of the transformers The 
advantage of the zigzag-connected earthmg transformeis is the relative cheapness 
of it, smee with it no secondary windmg is reciuired, and thus it is somewhat oheapei 
than the star-del^ transformer or bank of transformers for earthing ) 


end only In practice, one, two, or more neutral earths are found 
necessary The multiple earth has, among other advantages, 
the effect of reducing the impedance (or length of the impedance 
path) for the short-circuit current, and ensures that the earthed 
phase conductor is brought to approximately zero potential from 
the pomt of the accidental earth to the earthed-neutral of the 
transformer It is also done to ensure that, even though part of 
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the system is cut off by trouble or otheiwise, the reniamdei of the 
system will still have an earthed neutral (see page 200) 

In the operation of any line it is necessaiy to have in mind its 
possible or known weakest pait, which invariably is the insulator, 
and that no matter how strong may be the other parts of the line 
or system, they will stand up only to the weakest part Therefore 
it IS advisable to design a line or system so that insulation is the 
best, and has the longest and the most econonuc hfe 

In rural construction it often becomes necessary to choose 
between cost and a safe design and construction The choice 
usually centres on lengthening the span so as to reduce the number 
of poles, insulators, and hardw^are, but the span increase should 
include consideration of economic hfe and service interruption 
hazaids, and these should not be overlooked 

Foi distribution lines in general it is not hkely that theie will 
be much over-lengthening of span, although lengthening the span 
(having proper regard to economy and hazards) is one of the best 
means for decreasing the cost and at the same time giving satis- 
faction This applies equally well to secondary mams, provided the 
regulations are relaxed regarding taking taps for services at the 
pole only 

In the design of a wooden-pole line it is necessary to keep 
the line insulation unchanged, ^ e see that each conductor support 
(pole, crossarm, and pm) provides all maximum possible insulation 
to permit of the highest possible flash-over voltage 

Where wooden poles or frames are used, the best practice is to 
have them thoroughly impregnated throughout their entire length 
to increase their resistance as well as increase the hfe of the pole. 
Such a pole stands much less chance of being struck by hghtmng, 
as it is not converted into a hghtmng conductor or/and a hghtmng 
arrester, because of the absence of metal and earths so commonly 
attached direct to the pole Where it is the practice to employ 
the continuous earthed wire or cable, if it is not insulated from the 
poles in some way it will (as previously referred to) tend to reduce 
very greatly the insulation value of the wood and/or hne, endanger- 
ing good operation by increasing bird and other troubles 

Maximum permissible earth resistance in New Zealand is 
10 ohms, and for a line (1) having an earth lead, or (2) an earthed- 
neutral conductor of a three-phase system, or (3) an intermediate 
wire of a S-wnre system which is normally earthed, we have a con- 
dition of a line classed as dangerous if at any pomt along its length 
the resistance to earth is more than 25 ohms (see also p 237) 

The secondary earthing conductor should not be of any great 
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distance from the nearest earth connection, and it should be of 
sufficient size to give the required conductance and current-carrying 
capacity It is more than objectionable to have a secondary 
circuit break its earth connection by blowing of a fuse while the 
primary transformer v’liiding remains connected to the line To 
ensure permanent continuity of the earth connection, earth con- 



Eig 38 — ^Insulated tongs foi lemoving fuses, and isolating-switch and link opeiatmg- 
pole \Mtli eai thing iing ( Henley ) 

neotions and fuses sliotild be so placed in relation -with each other 
that the secondary transformer wmding is always connected to 
earth Where a secondary circuit is exposed to a hazard through 
the transformer winding — ^not necessarily located below a primary 
circuit which also offers a hazard — ^the only fuse which need blow 
to protect against high-voltages on the secondary is the primary 
fuse of the transformer 

This and other matters mentioned all point to the necessity 
for low resistance m the earth connections T a kin g , for example, 
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a case below the 25 ohms mentioned above, a single earth con- 
nection of 24 ohms resistance would give rise to 240 volts between 
secondary and earth with scaicely enough current flowing to blow 
a 10 ampere fuse An earth resistance of 24 ohms carrjing, say 

60 amperes — equal to a small-sized primary distribution circuit 

would cause IR =E = 50 x 24 = 1200 volts drop between the earthed 
conductor and the secondary and earth We thus have a life 
hazard from a high-earth lesistance, j^et this condition is to be 
found on distribution transformer installations The power w asted 
in this case by the current passing through the earth connection is 
in the order of P=EI = 1200 x50=60 kW This current flow 
would more likely increase the earth resistance by drying the earth 
around, thus raising the voltage still higher, and, depending on the 
location, such a condition would be both a life and a fire hazard. 

The strength of poles when used jointly by telegraph and/or 
telephone lines and power lines is naturally deternnned by the 
hazards involved Such wires should not be placed above power 
lines because of the relatively greater danger due to their habihty 
to failure On account of the inherent life hazard from com- 
munication (telegraph and telephone) wires they can be stressed 
to relatively higher tensions than power conductois As they are 
relatively small in diameter they will fail, under extreme weather 
conditions, before their supports which have a larger factor of 
safety This condition decreases the maximum allowable trans- 
verse load on the supports, and the pole consequently may be 
designed with a smaller assumed load than would be suitable w^ere 
all of the conductors power conductors It is therefore obvious 
that by joint use the total cost of line construction can be reduced 
considerably 

One of the most serious troubles and costs of rural distribution 
for this country will be that of providing guards, intended for the 
protection of cn cults other than power conductors, such as telephone 
and telegraph lines, as well as for highway and other crossings 
Unfortunately, this kind of construction, and the possible safety 
originally intended, was started with an awkward idea, i e that of 
making a proper mechanical job of the guards, in place of devoting 
the same amount of money in making the hne itself sound mechani- 
cally and in such a way as not to fall. 

At crossings, small, or solid, conductors should not be used 
since slight abrasions and surface injuries affect their strength to a 
comparatively greater degree Stranded conductor is better than 
solid, but copperweld-steel cable is far superior, as also is copper 
alloy (see p 67) For an important crossing, all that is necessary 
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IS to use coppenveld-steel, copper-alloy, silicon-bronze, or duplicated 
stranded all-copper cable Tie-wires are not quite satisfactory for 



such places Double insulators and double galvanised steel in- 
sulator-pins (extending well up into the insulator) or extra strong 
strain insulators should be used For the double (split) stranded 
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copper conductors, four pm-type msulatois should be used pre- 
ferably at each hne-support Singh-tvue hndU ctosstngs ate 
best 

A guard to be satisfactory should almost enclose the line con- 
ductors, as the broken wire or conductor rarely, if ever falls 
vertically and within the confines of a flat net of Very restricted 
width, when conductors fall under tension, the ends usually uhip 
out laterally or curl in a spiral from the effects of hardness and the 
original reeling, etc 

The object of a guard is to afford protection against a possi- 
bility of accidental contact (excluding the guard) m case of con- 
ductor failure, or to ensure that a falhng conductor shall become 
earthed before it can cause any damage, and also to prevent a 
broken conductor from coming within reach of ground In prac- 
tically every case the most reasonable place for a conductor to fail 
IS at the insulator, where it might fuse or soften should the insulator 
crack or break Just why an earth should dehberately be made 
to cause an interruption of service, and perhaps other damage, 
while means can be provided to keep the conductor insulated and 
quite out of reach or danger, is not obvious Such so-called guards 
have been, and very often are, a source of much more danger to 
people and to service than that which they were made to guard 
against 

Other than the hne itself, where additional protection is neces- 
sary, one of the neatest span-crossing arrangements is that of spht- 
conductors, using double insulators (one for each conductor) with 
chps at intervals across the span, so that if any one of the conductors 
should break, it is kept well out of reach of vehicles and people 
passing along the road beneath Lane-supports at crossings, if 
properly stayed or made stronger than the others in the straight 
hne, will hardly fail at the crossing, and if the attachments to 
duplicate insulators are such that in the event of a clamp or m- 
sulator faihng (the conductor still being held) there would seem 
to be no reason for causing a disturbance — often affecting all the 
circuits where the continuous earthing-guard method is used — 
as would be done by the installation of an earthed cradle, while 
a live conductor can remam free and safe and weU out of reach and 
be spotted on the first inspection tnp, as weU as perimt urunter- 
rupted service over all the circuits, mcluding the one with the 
broken conductor Spht-conduotor is neat but poor practice 

Where wood poles are used, the crossmg span should be side- 
stayed m both directions and should (where possible) be head- 
stayed away from the crossmg span, and the next adjacent poles 
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^ — on each side of the crossing span — should be stayed toward the 
crossing span In the design of a crossing span, the stress and 
clearances should be calculated for a wider range of temperatures 
and for a greater wind pressure than is given the ordinary spans 



Fig 40 — Good example of ordinaiy road crossing and angle in the line Two circuits 
each 3 — 0 1 sq in bare copper strands and a continuous earthed guard wiie located 
below 3o,000 volts With proper size, use, and construction of one. continuous 
earthed guard wire, a double three-phase S-wire line as shown here could bo conveited 
into two three-phase 4-wire circuits dehvering many times more power, be safer, 
more reliable, cost practically the same, and have an earning capacity very much 
greater 

For urban lines in general this is hardly necessary because the spans 
are for the most part relatively short 

So far no exception to existing regulations of this country is 
given to rural construction It is specified that where the pressure 
to earth exceeds 325 volts (alternating current), precautions shall 
be taken to prevent danger, and provisions made to render any line 
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conductor dead in the event of it falling, oving to breakage or 
otherwise Also that all metal-work other than conductors shall 
be permanently and efficiently connected mth earth For this 
purpose a continuous earth-wire shall be provided and connected 
with earth at four points in every mile, the spacing between the 
points being as nearly equidistant as possible , or, alternatively the 
metal- woik shall be connected to an effective earthing device at each 
individual support The design and construction of the system of 
earth connections are sometimes made such that when contact 
IS made between a line conductor and metal connected with earth, 
the resulting leakage current would not be less than twuce that 
required to operate the devices which make the hne dead 

Provisions laid down for this country, with the idea of preventing 
danger from leakage, are given as follows 

When the pressure to earth exceeds 126 volts a c , pre- 
caution shall be taken to prevent danger from leakage by the 
provision, in case of wooden poles, of 

Connecting a bonding wire to the supportmg metal-work 
of all insulators, the bonding wore termmating at the lowest 
part of the supporting metal- work, and bemg at a height of 
not less than 10 ft from the ground, and 

Other means approved by the Electncity Commissioners 


Where lightning conductors are used, or other uninsulated 
conductors are run down wooden poles to withm 10 ft from the 
ground, the precautions for the prevention of danger from leakage 
shall be as for metal poles, which specify 

An earthed wire, running from pole to pole and connected 

to the poles _ , , 

A suitable metal framework to support the insulatora 

carrying the hne conductors, the framework being insulated 
from the pole, but connected to the neutral conductor, or 
Other means approved by the Electncity Commissioners, 

“'"‘^All stay-wires, other than those which 
earth by means of a continuous earth-wire shall be msulated 
to prevent danger from leakage For this pmpose an ji^suktor 
sh^l bo placed m each stay-wire at a height of not less than 

10 ft from the ground 
With the enoepbon of the latter, 
practioe ehould be modihed M legarf. the 

Is always set at an angle witMhe ,ri,ole 

and where properly mstalled the stay mvmably take, the WHO 
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of the stress, and as it is generally of corroding metal, it is the most 
hkely part of the hne to fail from mechanical reasons, and, from 
this view-point, the continuous earthed wire and the conductor 
should have the same minimum height Its failure is often at the 
insulatoi , m any case, when it does fall it will drop into a vertical 
position and will then be at a height much less than 10 ft from the 
ground. 

For current leakage limitation, regulations for this country 
require that the insulation of medium-pressure’’ mams shall be 
so maintained that the leakage current shall not under any con- 
ditions exceed one4housandtli part of the maximum supply current, 
% e 1/1000, where I = maximum supply current This is unlikely 
for distribution in view of the methods adopted and requirements 
for earthing at one point only, etc Multiple earthing should also 
generally reduce the risk of interference with communication 
circmts (telegraph and telephone) under fault conditions The 
hmitation of current leakage is best found and properly dealt with 
by the installation of proper protective devices and an efficient 
mamtenance staff The best earth connections are those in multiple 
and not too far apart (see also p 198), and the best are from water 
pipmg systems, which give an approximate minimum of 0 10 ohms 
resistance To illustrate, let us take an ordinary three-phase 
feeder of 3000-volts, designed for a maximum carrying capacity 
of 200 kW, where the current at full load is 38 amperes, limiting 
leakage current to 1/1000, we get 

E =1/3000 =38/3000=0 01267 ohms, 
a condition very wide from actual practice 

The secondary circuit voltage taken from distributing trans- 
formers, and which enter residences, can well be classed as a danger- 
ously high voltage {t e V2 x 240 =340 volts), moreover, it is very 
closely interlaced with dangerous high-voltage windings, which 
provides the most important reason for earthing the neutral When 
dependence is placed on an earth for the purpose of keeping the 
earth potential fixed, it should be made carefully, because if badly 
made it will be inadequate for the purpose, and both life and fire 
hazards may be unavoidable The voltage rise of the earthed 
part above earth potential is equal to the earth current times the 
impedance (IZ) in ohms of the earth connection, and for safety 
this should be kept below a value which is dangerous to hfe,^ ^ e 
not higher than about 250/2 = 125 volts a c , above earth, hence, 

^ 340 volts will kill, and 66,000 volts can do no more , a lower voltage than 125 
volts a c , or 125 X volts d o , above earth, has been known to prove fatal 

{notep 202). 
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on this basis the lowest effective resistance to eaith may be taken 
as 125/1, where I is the maximum current flow through the earth 
connection This so-called “safe” value for voltage rise of the 
earthed pait, such as the earthed neutral, opens up an mteresting 
subject for discussion 

Power conductors of dangerous voltage are usually well out 
of the way and people avoid them, and if hnemen have to woik 


on them they take care to be well msulated 
from earth It is safe practice to have the 
distribution neutral and transformer secon- 
dary conductor neutrals connected to the 
same neutral conductor (or bus) and earthed 
at, or not far from, the transformer, giving 
the net result of a number of earths in mul- 
tiple It IS found that the total resistance 
of these neutral conductors to earth is gener- 
ally low, and because of this it also forms a 
valuable earth for the sub-station or station 
earthing, and can be connected to the station 
earthing system where possible It thus gives 
a direct metallic return to the transformer 
neutral, and to a large extent reheves the 
station earthing from carrying unbalance or 
fault current 

For distribution arresters, distribution 
transformers, and distribution circuits, the 
resistance to earth normally should not ex- 



ceed 1 0 ohms A water piping system makes 4 i — ^wood oonstmc- 

the best earth, it being as low as 0 10 ohms gn for 
or ranging between this value and about brackets aijd the con- 
8 0 ohms For distnbution and service 
neutrals, earth plates and pipes connected 
in multiple are best where a water piping system cannot be 
reached Earth plates buned in swamp, clay, loam, or s^d, 
usually hunt the resistance to a maximum of about 26 ohms 
and a minimum of about 3 0 ohms, the resistance vanes with 
the season Driven pipes, in multiple, to a depth of ® ® 

ft in clay or loam, offer a lower resistance than earth plates 
Single pipes (making isolated single earths) are gene^y used on 
distribution transformers, services, and arrestere, ey are es 
when driven about 6 0 ft into clay or (faihng tins) mto loam, or 
(failing this) into gravel, as already mentioned, the resistance 
of earth vanes with the season, t e wet, dry, frozen, etc. 
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The E/I meter method of checking the earth resistance con 
nections is the most rehable , the measured resistance to earth is 
equal to the voltmeter reading divided by the ammeter reading 
With reference to relay protection, what should be aimed at is 
a relay that operates for all types of faults whether to earth or 
between phases, that disconnects the feeder or both ends under 
all conditions, that is practically instantaneous in action, and 
one whose action is independent of the direction of the flow of 
power under normal or fault conditions 

A fundamental system of protection against faults pioducing 
cibnormal currents is the system depending on over-current relays 
with differing time adjustments, such time adjustment, in genera], 
becoming longer the closer the generating station There are also 
many relay systems of the pilot-wire transmission type, and a 
general system of protection against abnormal current-producing 
faults, based on the prmciple of balancing out of relay circuits all 
current except the fault current, thereby causing the protective 
relays to function in response to the fault current alone There 
are two methods of appl3?ing this principle, one by means of a series 
differential connection in which the two ends of a circuit are 
balanced against each other, and the other by a parallel differential 
system which may be used where a circuit consists of parallel paths 
which may be balanced against each other There is, in addition, 
another system of protection using current alone, and there are a 
number of systems which depend upon the use of both current and 
voltage Some of these, such as differential earth relaying systems, 
use both the fault current and the fault voltage , others, such as 
directional current and directional power systems, utilise the 
circmt voltage and total current, and certain other devices, such 
as the impedance relay, utilise the total current and fault voltage 
The present tendency is toward the maintenance of system integrity 
by relays such that they will 

Detect and give warning of approaching faults or con- 
ditions which may cause faults 

Respond to abnormal conditions resulting from the occur- 
rence of faults to isolate the particular circuit at fault 

Permit of adjustment with such time delay as to function 
only upon the fault of the first and second lines of defence, 
which IS a form of “follow-up” system (or “second-line 
defence”) in the form of a second system of relays to function 
in case of failure of the first system, applied either to the same 
circuit-breakers as the primary defence, or to other nearer 
sources of energy. 
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Balanced protection lelays for lines and transfoimers are much 
used in this country The oldest form of piotection much used 
universally is the fuse At the piesent time, some of the most 
important system protections by means of lelays, are 

Diiect-curient polarised relay used for overcurrent, over- 
voltage, undercurrent, undei voltage, reverse power, polarised 
potential, etc 

Automatic network relay for the control of a c network 
cn cuit-breakers , this connects transformers to the network 
when capable of supplying load and disconnects them on 
level sal of energy flow, and will operate on the magnetising 
current of transformer 

Network relay for protecting low- voltage a c transformers 
against a faulty distributing transformer or feeder 

Power directional over-current relay, offeimg power 
directional protection against earth faults, and phase-to-phase 
faults where, for any reason, single-phase directional elements 
are preferred to a iiolyphase relay 

Eaith relaying is considered absolutely necessary to isolate 
an eai tiled line immediately so as to reduce chance of injury to 
Ipeople who may come m contact with or approach an earthed 
conductor, also to reduce the resultant damage to apparatus and 
lines by removing an earth as quickly as possible from the system. 
Where wooden crossarms and poles are used, the earth currents 
encountered are relatively small, and sensitive earth relays are 
required to recognise these small currents Where the system 
is ‘"dead” earthed, the relaying for earthed faults is compaiatively 
simple where the fault current obtained is as great as the load 
current In such eases, however, the current for earth faults is 
compaiatively small, due to contact resistance at the point of the 
fault Where this condition exists, the phase relays may not 
Xirotect the line for earth faults, and other means of protecting 
the lines for earths must be used Many different schemes for 
earth protection have been devised, some of which are 

Impedance earth relay. 

Balanced current earth relays for parallel hues , 

Power directional relay. 

Power relay with instantaneous time, but interlocked with 
over-current non-directional relay for tiimng, 

Power relay with self-contained timing element. 
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0v6r-curi6nt iion-diicctional leLx^’^ inteilocked with direc- 
tional elements of iiliase lelaj^s. 
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Fig. 42 — ^Differentiation relay methods, with and without pilot wires, for the protection 

of one or more lines 

Over-current non-directional relay in neutral of current 
transformer circuit 

The over-current non-directional earth relay is satisfactory for 
use on radial feeders or other locations where directional protection 
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IS not required, such as transformer diffeiential protection or on 
radial lines In connection with such uses, a relay ^uth a low 
operating range, and one which puts a small volt-ampere buiden 
on the current transformers, is very desirable This type is very 
sensitive to small earth fault currents, and, ovung to its low volt- 
ampeie burden, does not overburden current transformers vhich 
have other api)aratus than relays connected to them. The low 
energy power directional earth relay usmg inside delta potential 
IS quite satisfactory In this scheme the same potential is used as 
with the power lelay, but it is used only to operate the directional 
contacts of the relay, the relay having a separate over-current 
element similar to that of the over-cuirent relay The over-current 
and directional contacts are connected in series as in other power 
directional relays By using this scheme, the directional elements 
may be made to operate on a very small number of watts, thereby 
making it sensitive to very small earth currents 

Relays should operate quickly so that damage is not done to 
the insulator, conductor, or crossarm (if of wood) in case of flash- 
overs and earths Selective relays are necessary for economy in 
the amount of conductor, better regulation, flexibihty, and freedom 
from service interruptions The protection problem is not only 
to protect and clear a faulty circuit or line, but in case of failure 
to do so, and to clear a good hne from the excess cuirent flow and 
give protection from abnormal conditions 

For primary network protection, the pilot-wire systems are 
most suitable to concentrated networks and relatively short 
lengths of feeders and underground cable systems For parallel 
feeders differential protection can be employed, but over-current 
and differential protection schemes are sometimes preferable on 
account of greater flexibility and less wirmg Radial and loop 
sections may have over-current protection with successive time 
settings, either with or without directional selectivity, or, one of 
the pilot-wire schemes can be employed For the secondary- 
network protection fuses are in general use, but provision is 
sometimes made (depending on conditions) for disconnecting 
transformers by either power directional or over-current pro- 


tection , T , -I 

As a general rule, a rural service would, for economy, take the 

form of a single feeder consisting of one primary supply, and, where 
the secondary circuits of several distnbution 
close that they could with economy be connected together through 
the secondaiy mam, they would be so connected, thus per- 

mittmg 
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Better continuity of seivice in case a transformer should 
fail or burn out , 

Better voltage distribution on the secondary network as 
a whole , 

Advantage of diversity between the loads of the secondaiy 
netwoik 

The only objection to this simple method of rural distribution 
IS that no provision is made for giving continuous service in case 
the primary feeder or piimary protection should fail To commence 
with, it would rarely pay to put m a duphcate feeder supply, but 
as such a service becomes more and more important it would pay 
to run another primaiy feeder and/or a polyphase line depending 
on the class and size of load Usually future requirements and 
service conditions determine the lequisite modifications 

For rural electricity supply it is very desirable that all its 
aspects should be studied carefull}^ including the non-techmcal 
phases, such as that of keeping piospective consumers specially 
interested in electric service, carrying on and/or completing 
negotiations for line extensions , m fact, anything of a social nature 
tending to improve luial or other line development should be 
studied At the present time it is generally agreed that electric 
service should be made available to rural populations (m particular) 
as rapidly as jiossible and, to do so economically, overhead lines 
jmist he const) voted to conservative standards In the planning of 
such developments, it is necessary first to 

Study the location (or locations) of existing sub-stations 
or distributing oi/and transforming centres, 

Decide as to the right location of a transforming or/and 
distributing centre so that the particular territory or district 
can be served to very best advantage , 

Study the size and shape of the district so that it can be 
divided into defimte service areas, each to be served by its 
own sub -station or transforming centre or distribution 
transformer, 

Study the best system and method and routes for the 
main-hne service, 

Canvass along existing rural and other lines, if any, for the 
purpose of increasing the consumption per consumer per mile 
(or per 1000 yds ) of hne, 

Canvass the most promising areas where rural or other 
service lines are being (or intending to be) planned, 

Plan joint use of existing pole lines m the neighbourhood, 
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And obtain all pobsible inforination for respective loads 
and line extensions, such as 

Number of consumers per 1000 yds (or pei mile) of 
route , 

Length of hne in miles , 

Average number of consumers per mile of line. 

Average load applied for in kW, 

Average imtial connected load in kW, 

Average kW connected load per consumer, for light 
power, heat, farm equipment and plant, miscellaneous, 
respectively 

Average size of transformer, required in hne, in kVA, 
Average transformer demand factor, 

Line power factor, 

Demand factor of line, 

Percentage hne losses, 

Percentage transformer losses, 

Percentage meter losses, 

Month and kW -hour maximum use of energy, 

Month and average kW -hour maximum use of energy 
per consumer, 

Month and kW -hour mimmum use of energy. 

Month and average kW -hour minimum use of energy 
per consumer,^ 

Annual kW -hour dehvered to consumer’s service, 
Annual average kW -hour use of energy per consumer 

The exact number of kW -hours supphed is not easy to obtain 
because of the errors, etc such as those in the meters The number 
of unaccounted-for kW -hours is the difference between the total 
kW -hours registered per month on all meters feeding into the 
distribution system and the total kW -hours registered during 
the same month on all meters over which energy is distributed, 
in other words let the former equal P, and the latter equal P^, then 

P^==P^— P^=kW-hours unaccounted for 

And percentage loss is, p per cent =( 2 ?/Pd )100 

Because of the relatively small number of consumers per mile 
of, say, a rural line, it is important that the cost of line construction 
be kept down to the minimum, consistent with reasonable service 
This IS the surest way to keep the fixed charges within reason, and 
it reduces to a minimum the amount which prospective consumers 
would be asked to contribute toward the cost of a hne extension 
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The line construction employed, although it must of necessity 
be reasonable in cost, must at the same time embody all of the 
features which contribute to make possible safe and continuous 
operation The principal features of line construction for a three- 
phase 3-wiie, or a single-phase 2- or 3-wire primary feeder with a 
3- or 4-wTLie secondary main built to offer good service for best 
economy, ould take the following form 

Use of a single wooden pole 

Use of a single wood ciossarm for the primary feeder set 
high up so that the third conductor (when required) can be 
placed at the top of the pole 

Having horizontal arrangement of the conductors, ^ e 
using one crossarm set as near the top of pole as jiracticable 
for the primary conductors 

Using metal or w’ood braces for the crossarm 

Having one crossarm for the secondary circuit, or, employ- 
ing a three- oi four-spool rack for the secondary mam 

At a terminal pole, or at pole where branch-taps lead from 
the primary feeder, using strain insulators and double cross- 
arms 

Where a pole transformer is located, using double cross- 
arms and transformer supporting irons on the top and bottom 
crossarm, vuth switch or cut-out fuses and/or lightning arrester 
on the top or lower crossarm, whichever is most convenient 
(see fig- 31) 

Emj)loyment of transformer secondary neutral earth and 
hghtning-arrester earth, and insulating them from the pole, 
not joimng them together, but earthing the transformer neutral 
at the adjacent pole When making the earth see that it is 
not less than 4 ft from the pole, as the soil around the pole is 
more or less soaked in creosote and is of high resistance 

Placing the secondary neutral conductor (for rack con- 
struction) either the uppermost or in the centre, for crossarm 
construction, locating neutral conductor to any one side or 
m the middle, just as conditions suggest to be best 

Employing the longest span possible, x e up to about 
300 ft 

Using a high strength conductor of satisfactory conduc- 
tivity, preferably copper-aUoy conductors, as such conductors 
go with a copper-line construction 

In the planmng of, and the drawing up of, estimates for 
rural service, it is necessary to prepare a basis of maps and to 
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provide adequate means for serving the different sections in a 
manner winch will ensuie satisfactory service consistent vith 
the investment and other costs The first step is to determine 
the extent of the teriitory or district to be seived, that is to saj^, 
it IS necessary to study 

The district as a whole , 

The territory surrounding each of the laigest centres 
considered independently , and 

The subdivision of territory into sections 

There are always very good reasons why mapped information 
of the distribution over a territory should be readily available, 
one of the chief reasons for much detailed information is that the 
distribution is spread over a considerable area and never con- 
centrated in one place Need of such information arises, for 
instance, when 

Ascertaining whether a hne or circuit or the transformer 
would carry a new or a prospective customer’s load, 
Interconnecting or extending circuits. 

Analysing the most economic lay-out of a circuit, section, 
or line 

In preparing an economical lay-out of the distribution system, 
and in recogmsmg the many advantages that come from keeping 
complete records, it is necessary to have maps and records and a 
general classification of the whole distribution system 

Despite the fact that the mvestment in some distnbution 
systems may approach or exceed that in the generation, there are 
cases where, if asked certain questions as to size of conductor or 
size and type of transformer for a certain location, no immediate 
answer could be given 

Again, for the efficient operation of any distribution system a 
certain minimum amount of circmt, transformer, and pole informa- 
tion IS absolutely necessary This mformation also can be given 
to best advantage in the form of maps, the nature of which may 
vary from a single-line diagram to comphcated groups of sectional 
maps of almost any size, showing everything from the pole locations 
to the side of the crossarm which cames the circuit, etc An 
excellent practice is to provide separate record routines for the 
poles, transformers, and equipment, the distribution circuits, their 
character and extent, and so forth 

A topographical survey map, of a convement scale, of the 
territory or district should be procured, and upon it should be shown 
the boundaries of the urban areas (or those areas where overhead 
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lines are permitted) the lural area, and the location of existing 
and the proposed oveihead and all othei lines or ciicuits, proper 
symbols being used to indicate the character of the different lines 
01 circuits (foieign oi otheiwise) and service, and the availability 
for cariying rural distribution circuits, joint occupancy, or making 
extensions 

In congested sections where the scale of maps is often found too 
small to desciibe adequately the information desired, the section 
or sections in question may be surrounded by a closed hne and the 
information tabulated separately, vith. a proper reference to the 
section or sections, as the case may be In the case of very large 
area, a saving in time and expense may be effected by making 
first a geneial suivey of the teriitory with respect to possible 
construction costs, consumers, etc , and then taking for detailed 
study a section large enough to be repiesentative of all conditions 
In laying out rural or certain uiban teiritory, the important 
initial points are to 

Plan the development along the lines of single-phase 
service for lighting and small power per consumer, 

Plan the I'oute for the circuits to offer the least expense 
and/or the mimmum length, 

Plan all pole-line extensions with adequate care and with 
the final development in mind, or make heavy enough to cany 
the number and type of circuits ample for a number of years 
ahead , 

Plan the route or routes, having m mind the possibility 
of future use of pubho hghting along roads or highways, joint 
occupancy of lines , 

Start a develojiment plan so that, in any particular section, 
estimates show it would be better and cheaper to develop the 
whole section at once, not in parts, ascertain at the begin- 
ning that everyone is interested, and will interest themselves 
m facihtating wayleaves and in getting additional consumers, 
etc , etc , 

Obtain signed wayleaves for mam routes and pole-line 
extensions, so as to facilitate the same construction to serve 
other future consumers if desired at any time 

The most extensive and important system records are the 
secondary distribution maps The primary system map records 
are much simpler The latter are usually made on tracing cloth, 
and a good scale is 1 in to 300 ft An important feature is 



253 


ASPECTS OP DISTEIBtmON MAIKTENANCE 

the drawing of street hnes and the printing of street names on 
the reverse side of the tracing from the circuit information This 
allows for erasions when hringmg the map or maps up to date 
without disturbing the permanent map hnes The features to 
be shown are the circuit routing, conductor sizes, phase positions 
transformer locations (their size and reference numbers), names of 
large consumers, location of centre of distnbution switches and 
test pillows or boxes, and so forth Three hnes may be used to 
indicate the three-phase 4- wire circuit and one hne for single-phase 
branches, the neutral being omitted for simphcity, but the con- 
ductor size given should cover all four conductors of the three- 
phase 4- wire circuits Mde or half-mile circles should preferably be 
drawn on the map to provide a quick means of showing distances 
from the sub-station or transforming centre For the filing svstem, 
prints of these maps can be kept on a swinging map-rack or on 
stands showing a map on the front and back if the territory is very 
large, changes being noted on these pnnts and the origmal tracmgs 
brought up to date at regular intervals 

For practically all distnbution systems the most important 
division of the record system consists of the secondary maps; 
these should give an accurate picture, for the office, of general 
conditions m the distribution network 

For every hghtmg transformer havmg large number of service 
connections there may, with advantage, be a secondary map, and 
power transformer banks or polyphase umts feeding more than a 
few consumers may, as desired, be covered m the same maimer 

The paper used for secondary maps may be of vellum sheet 
suitable for making prints from pencil tracmgs, aU of this work 
should preferably be done in pencil to allow for the necessity of 
frequent changes and additions A scale of 1 m to 100 ft is a 
good useful size, and it is found to be a good practical hmit m size 
of a secondary, allowing a maximum voltage drop of 2 per cent 
each way from the transformer without going to uneconomical 
copper sizes 

The secondary map lay-out should include all matters found 
essential to the office control of the distribution system, and should 
show all property hnes, as these are a great help, to those in the 
office, in pole location and house numbenng and so forth The 
load information on the map is usually m the form of an assumed 
value for average residences and consumers, such that the values 
assumed allow for a diversity between houses, and, under full-load 
conditions, give a transformer loadmg of not greater than about 
125 per cent For marking m, the value allowed a residence or 
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other type of load is given in kW directly before or after the street 
number. 

In placing the map over the main sheet covering the whole 
territory or district, it is necessary to take care to orient its relation 
to the north arrow, so that adjacent maps on the large sheet can 
be placed easily and correctly, as it is often convenient to consider 
a territory several blocks or squares in area in making a study for 
new or revised secondaries or their extension. For the filing 
system, these maps, because of their size or their constant use, 
are filed flat in a drawer, all revisions and additions being made on 
the originals from time to time and prints taken from them for use. 

Transformer records also constitute an important division of 
the record system. These usually take the form of cards or sheet 
index. The information recorded on these sheets is principally 
that of the transformer connection used and the complete name- 
plate data ; the connected load in the case of power consumers is 
also recorded, as is also the location of the transformer. Where 
sheets are used, they may be of a convenient size and be kept in a 
loose-leaf notel)ook. 

Throughout the whole text-matter the author has endeavoured 
to keep clear of assumptions and probabilities so common in most 
textbooks; also descriptive matter treating with equipment, 
protective gear, apparatus, etc. found in manufacturers’ catalogues 
and publications, has been purposely omitted from the text. 
Manufacturers’ publications, which often present excellent descrip- 
tive matter dealing with the various methods and schemes and 
devices for circuit protection, etc. are readily available, and should 
be on the book-shelves of every electricity undertaking. The 
whole text-matter concentrates on the most important practical 
and technical factors always before the operating engineer, it 
presents knowledge gained by different practical experiences, and 
it sets forth results based on long years of toil in the construction 
and operation of large and varied electricity undertakings in 
various countries. 
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<ihnrt bridle at each single (or double) insulator-support at the pole For all straight r 

crossings (railways, highways, streets, etc ), s^ngh conductor with 

IS the amSplest. s^est and best method of supporting crossing-span conductors or wires 
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Table XLII. 

UsBFiTL Ready Reference Valdes for Calotjlating Voltage Drop, Load, or 
Distance in Miles of Circuit for Three-phase 3-wire Distribution Lines 


rient per 
in amperes 
sikVA 

Voltage between 
any Tivo Con- * 
ductors 

Voltage Drop i 
>er mile of circuit I 
per LVA trans- i 
mitted {h) } 

13 

440 

18 1 

0 26 

2,200 

0 36 

017 

3,300 

0 241 i 

0 087 

6,600 

0124 

0 052 

11,000 

0 074 

26 

220 

31 

13 

440 

16 

0 26 

2,200 

0 31 

017 

3,300 

0 21 

0 087 

6,600 

0107 

0 052 

11,000 

0 064 

26 

220 

26 

13 

440 

13 

0 26 

2,200 

0 26 

017 

3,300 

0176 

0 087 

6,600 

0 092 

0 052 

11,000 

0 055 

26 

220 

24 

13 

440 

12 

0 26 

2,200 

0 24 

017 

3,300 

016 

0 087 

6,600 

0 085 

0 052 

11,000 

0 051 

26 

220 

23 

13 

440 

12 

0 26 

2,200 

0 23 

017 

3,300 

0 15 

0 087 

6,600 

0 081 

0 052 

11,000 

0 049 

26 

220 

22 

1 3 

440 

11 

0 26 

2,200 

0 22 

017 

3,300 

0 15 

0 087 

6,600 

0 078 

0 052 

11,000 

0 047 

2 6 

220 

21 

13 

440 

109 

0 26 

2,200 

0 21 

017 

3,300 

014 

0 087 

6,600 

0 075 

0 052 

11,000 

0 045 

2 6 

220 

20 

1 3 

440 

10 

0 26 

2,200 

0 203 

0 17 

3300 

0135 

0 087 

6,600 

0 072 

0 052 

11,000 

0 043 


Size of Con- 
ductor in sq in 


Elective Spacing 
of Conductors 
in inches 


0 075 

99 

99 

99 

0100 

99 


0160 


0 200 


0 250 


0 300 


0 400 


0‘500 


36 

99 

99 

36 

99 

99 

4b 

99 

36 

99 

99 

4b 

99 

36 

99 

99 

4b 

99 

36 

99 

99 

4b 

99 

36 


36 

99 

99 

4b 


- r. i.n +i.QnfiTnif ^30 kVA a distance of three miles over a 3,300 volt, 

cond^^tors ol 36-u. e«eot.ve spac:^, 

^’^‘**’’"“volttS’(Jrop=kVAxlXi==S30 x 3 x 0 241=239Tolte,oi7pMc»^ 

0 076*““^ 36-“^ effectore spacmg of eonductoro. assuroing 7 per 

cent Toltsdrop j„e/kVAxJfe=239/330 x 0 241=3 miles 

For same conditions, etc., what load ean be iehvered ? 

i:VA=«/l*i=239/8 x 0 241=S30kVA. 
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APPENDIX. 

OVERHEAD LINE REGULATIONS FOR GREAT BRITAIN 

Interesting changes in the (Apnl, 1928) Eegulations issued by the Electnoity Com 
missioners, are : 


Present Rules 

Recent Rules 

Conductor Loadi'iigs 

(A) For voltages mt exceeding 325 volts, 
a c (see p 73), ^-m ice and 8 0-lb wind 

(B) For voltages exceedmg 325 volts, 
a c (also see p 69), |-m ice and 8 0-lb 
wind. 

standard a c voltage la 400/230 volU^ 
it mlovM greatly facilitate rural development 
by an increase from 325 to 400 ) 

For voltages not exceedmg 325 volts, 
a 0 , i-m ice and 8 0-lb wmd 

For voltages exceedmg 325 volts, a,c , 
|-in ice and 8 0-lb wind. 

Minimum Height of Conductors 

Minimum height from 15 ft to 19 ft for 
any voltage up to 66,000 volts (also see 

p 62) 

(This is based on a temperature of 122® F 
which, although not strictly correct, za the 
best ) 

Mmimum height of conductors, 20 ft 
at 325 volts and the same height at 66,000 
volts, seep 136 

Maximum Leakage Current 

Twice the leakage current required to 
operate the devices which make the Ime 
dead 

The leakage current shall not under 
any conditions exceed one-thousandth 
part of the maximum supply current (see 
p 242) 

(The amount ofUalcage current is therefore 
left to the particular operating device used, 
without any stipulation as to its limiting 
features ) 

Minimum Size of Conductors 

0 0201 sq m cross-sectional area, for 
copper 

0 0098sq m cross-sectional area 

Weight per Mile of Conductor 

409 lb 

200 lb. 

- Actual Breaking Load of Conductor 

1137 lb 

(In new of decreased conductor loadings, 
decreased conductor height, etc , the minimum 
size permissible has been increased to double ) 

650 lb 
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a (coefficient of expansion per ° F ), 77 
A (sectional area), 77 
“A” frame, 18, 156, 168 
a c 01 A C (alternatmg current), 3, 11, 37 
A C systems of early days, 2, 223 
Aea comparison, 128 
Accessibility of lines, 30 
Accidents and failures, 144, 220, 223 
Across streets, clearances, 115 
Adopting wise standards, 9 
Advantages of usmg copper conductors, 68, 
71, 111, 152 

copper-alloy conductors, 67 

wood poles, 139, 145 

Air-gap insulation, 130 
Alleys, their use, 219 
Allowable fibre stress, 45 

— wind pressure, 69 

Along streets, clearances, 62, 135 
Aluminium conductor, 56, 66, 128, 129, 132 
Anchor strength, 154, 165, 167 
Angle (f), 95 

— of isplacement, 72, 73, 75, 76 

— of swing, 22 

Angles in line, 19, 117, 159 
Arcing earths, 26, 27, 199, 200 
Area restrictions, 34 
Arms, 19, 146 

Arrangement of conductors, 29, 33, 51, 52, 
100, 129, 256 

Arresters, 23, 24, 198, 199, 216, 243, 250 
Automatic reclosing switches, 203 
Away fiom congested areas, 1 

Baok-plots, 219 
Back-stays, 167 

Balanced loads, 42, 107, 189, 210 

— load protection, 245 

“ Bates ” steel latticed poles, 87, 91, 92 
Baulks for foundations, 95 
Bending moments, 44 

on poles, 80, 84, 96 

Best distribution system, 22, 111, 148, 189, 
Better and safer line, 19 

— operaung line, 37 

Bird trouble, 37, 142, 157, 235 
Blocks of power, 12 
Bolt threads, 151, 162 
Bonded insulators, 16, 144 

— pins (spindles), 18, 144 
Bonding of pole ironwork, 18, 144, 151 

— stay-collar, 164 

Braces for crossarms, 140, 146 
Brackets, 156, 256 
Breakdown, 16 


Breakdown of insulation, 141 

Breakmg loads, 110, 111, 112, 116 

Broken conductor, 22, 143, 213, 214, 221, 

Bulk supply, 12 

Bum off faults, 11 

Burmng of crossanns, 16, 147 

Calculation of voltage drop, 105, 108, 257 

— of stress m stays, 93, 94, 117* 

— for wood poles, 44, 45, 88 
Canvassmg a district, 248 
Catenary equation, 75, 173, 176 
Centigrade conversion, 77 
Chances of accident, 223 
Channel-iron crossanns, 83 
Charcoal treatment, 163 
Chargmg current, 226 

Charrmg of pole by power arc, 16, 143 
Chart for obtaimng resistance, 103 

reactance, 103 

sag and tension, 17L 

Cheap hues, 33 

Gamps, 31, 159 

Gassffication of voltages, 12 

Gay formation of ground, 138, 243 

Gearance requirements, 22, 62 

Gearances, 62, 135 

Gimatic conditions, 131, 220 

Gimbing space, 53, 54, 256 

Chp for conductors, 160 

Combmed light and power system, 17, 189. 

Come-along, 169 

Common earthing system, 198, 199, 200 
CommumcatLon circmts, 55, 191 
Comparison of dc and a c systems, 10. 
Compression loads, 134 
Concrete setting, 95, 154, 155 
Conductors, 19 

Conductor arrangement, 58, 60 

— loading ^ m ice and 8-lb wmd, 73. 

i m loe and 8-lb wmd, 72 

i-in ice and 8-lb wmd, 75, 76 

— stranded, 20, 32, 101 

— stresses, 19, 96 

— swmg, 22 

Connectmg arresters, 216 
Construction progress, 153 

— rural, 250 

Consumer’s circuit, 142, 157 

— service, 249, 256 

Contmuous earthed guard wire, 14, 15, 18, 
20, 23, 142, 197, 198, 199-230. 
Copper-alloy conductors, 66, 67, 

— weld conductors, 121, 122, 123, 132 
Copper conductors, 19, 20, 66, 71, 129, 132 
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Copf er fuses, 229 

— losses, 35 
Core loss, 35 

Corners and crossings, 19, 159, 256 
Cosine values, 109 

Cost of overhead distnbution, 1, 17, 126 
Creosote and its insulating value, 16 142 
Creosoted poles, 162 
Crossarm earthing, 15 

— of wood, 14 15, 22, 29, 130, 155 

— of steel, 142 

— strength, 82, 150 
Crossarms, 19, 29, 53, 63, 155, 256 
Crossings, 19, 256 

Current capacity for motors, 124 
Cutting insulation, 224 

d (diameter), 69, 85 
do system, 10, 37 
Danger to hnemen, 47, 219, 235, 242 
Bangerous practice, 17, 22, 24, 29, 126, 142, 
198, 199, 219, 223, 235, 243 

— pressure, 237, 241, 242, 243 
Decay of ground, 155 

Declared pressure at consumers’ terminals, 
34 

Defectively insulated wires, 23 
Deflection of fir poles, 81 
J)elta connection, 7, 9, 43 105, 206, 218 
Design of lines, 33 
Differential relay methods, 246 
Direct method of distribution, 186, 210, 
218 

Direct stroke of lightning, 23, 199 
Disconnecting-switch points, 20 
Disposition of conductors, 129 
Distinguishing colour of crossarms, 33 
Distn&iting centres, 11, 13, 34 
Distnbution hne and system, 25, 28, 32, 42, 
184 257 

dangers, 23, 243, 256 

losses, 35, 243 

— transformers, 20, 40, 64, 218 
Disturbances, 25 

Diversity, 35, 40 

D‘Dobrowohshy, M, von, system transfor- 
mation, 4 

Double crossarms, 52, 143, 156, 250 

— insulators, 52, 125, 136, 143, 256 
Draw-tongs, 169 

Dnven pipes for earth connections, 243 
Dry-rot, 163 

Duphcate or loop supply, 12 
Dynamometer, 169, 171 

e (modulus of elasticity), 77 
E (voltage), 108 

E/I meter method for testmg earth resis- 
tance, 244 

Early history of a c and d c , 1 
Earth detectors, 227, 247 

— m contact with pole, 18 

— relaying, 244, 245, 247 

— setting of poles, 154, 242 


Earth plates, 243 

— resistance, 24, 231, 234, 237, 242, 243 

— wire, 18, 196 

Earthed neutral, 36, 196, 202, 216, 234, 242 
Earthmg, 15, 196, 202, 216, 242 

— at equi-distant points, 15, 197 

— neutral conductor, 18, 23, 196, 198, 202, 

216, 242 

— the pole, 18, 142, 197 
Easements, 31, 126 
Economical distribution, 34 

— hne, 34 

— line operation, 19 

— loading, 35 

Economy of distribution, 34 
Effective insulation, 19 

— resistance, 2, 43 

Elastic shortemng of conductor, 74 
Electrical calculations, 97-109 

— history, 1 

Eleotro-magnetically induced voltage, 199 

statically mduced voltage, 199 

Elongation of conductor, 74 
Emergency operation, 212, 213, 214, 215 

— switching, 222 

Equal overall diameter of conductor, 19 

— percentage voltage drop, 99 
Equi impedance intervals, 198 

potential area, 198 

Equivalent conductor sx^acmg, 100 
Excessive voltage drop, 20 
Exposure to lightning, 23 
Extensions, 191 

Extensive areas, 39 

External pressure rises, 23 

E h p (extra-high voltage), 12, 39 

/ (fibre stress), 80, 85 , frequency, 102 

F (factor of safety), 44, 68 

Fahrenheit to centigrade conversion, 77 

Palhng conductors, 221 

Faraday, Michael, 1, 2 

Fault location, automatically, 141, 228, 247 

Faults, 221, 244, 247 

Faulty insulators, 16, 151, 228 

— circuits, 226, 244, 247 
Feed-back, 226 

Feeders, 17, 19, 57, 187, 250 
Fibre stress, 80 
Filling of hole, 139 
Fixe hazard, 223, 237, 242 
Flash-over value, 16, 37, 141, 151 
Flexibihty of system, 224 

— of wood poles, 45, 139 
Footing for poles, 96 
Foreign voltage, 226 
Foundations, 94, 95, 231 
Full-load losses, 35 
Function of the conductor, 128 
Functioning of lightning protector, 230 
Fungi attack, 163 

Fuses, 20, 228, 229, 236, 237, 247 
Fusing current, 229, 245 
Future requirements, 22 
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Gains in wood poles, 145, 146 
Galvanised material, 134 
Gaulard Gibbs, a c system, 2 
Generating stations, selected, 187, 195 
Good practice, 24, 143, 256 
Gradient, high voltage, 198 
Graphite coating, 46 
‘ Gnd ” system, 12, 192, 199 
Groove, side, 159 

— top of insulator, 158, 159 
Ground, its nature, 30 

— of high resistance, 142 

— line diameter of pole, 45, 80, 138 

— wiie, 18, 196 

Growth of electiic supply, 39, 57 
Guards, 144, 219, 239 

H (height of pole), 80 
“ H frame, 18, 156 
Hardware, galvamsing, 162 
Harmonics, 198, 221 
Hazards due to height, 22, 54 

— to life, 142, 198, 200, 201, 205, 242 
Head-stays, 167 

Height of conductors above ground, 23, 62, 
143 

— of transformers above ground, 23 
Henry, Joseph, 2 

High earth lesistance, 50, 199 
High-pressure crosses, 19 

— impulses of steep wave fiont, 23, 199 

— rises, 199, 200 
High reactance, 217 
High voltage supply, 12 
Higher rating insulators, 19 
Highly stressed insulators, 24 
Holes, 138, 165 

Hoiizontal arrangement of conductors, 22, 
50, 58, 71, 157, 256 

— loading for i^-in ice and 8-lb wmd, 73, 

78 

J-in ice and 8-Ib wind, 72, 78 

|.in ice and 8-lb wmd, 75, 76, 78 

— separation of conductors, 61, 157 
Hutin d: Le Blanc, system of transforma- 
tion, 5 

I (current), 109 
Ice loadings, 68 

Ideal outline to resist stresses, 18 
Immergency feed, 20 
Impedance," 43, 198, 204, 211, 234 

— drop, 68, 59, 198, 211, 234 

— ratio, 62 

— relays, 244, 245 

— tests, 219 
Impregnated poles, 141 
Impregnation, 28 

Improved operating conditions, 23 
Independently earned, 200 
Indirect method of distribution, 186, 187, 
218 

Inductance, 100 
Inductive reactance, 65 


Inductive unbalancing, 22 
Insulated from wood, 15, 200 
Insulatmg sleeve, 145 

— tongs, 236 
Insulation, 23, 235 

— failures, 24 

— overhead earth wire, 15 
• — strain, 15 

— weakness, 235 
Insulators, 16, 19, 49 163 

— m stays, 47, 49, 96 

j Interconnected supply, 38 
Interruption of service, 24, 141, 224 
Investigations and tests, 14 
Ironwork bonding, 18 

Joint occupancy of poles, 23, 28, 41, 66, 
126, 237, 248, 252 
Jomts of conductors, 20, 161 
Jute covenng of conductors, 20 

K (constant for wind), 70 
Kiekmg block, 165 
Kilowatts dehvered, 59, 124, 23 1 
Kmd of joint, 161 
kW-hours, 249 
kW loss, 97 

I (length), 74, 108 

L (mduction), 100 

Ladle for jomts, 161 

Laige power carrymg capacity, 12 

Latest hne construction practice, 27, 256 

Latticed poles, 87, 91, 92, 167 

Laying out rural hues, 252 

Lay-out of distribution, 251 

Lead-tm alloy fuses, 229 

Leakage losses, 35, 147, 219, 242 

Least number of feeders, 17 

Length of span, 22 

Life hazard, 223, 237, 242 

Light sized poles, 164 

Lightmg voltage, 40, 57, 157, 204, 230. 

Lightnmg areas, 18 

— arrester earths, 197, 198, 200 

— arresters, 15, 199, 215, 216, 230, 235 

— conductor, 15, 24, 199, 200, 230, 235 

— disturbances, 200 

— troubles. 16, 147, 199, 200, 230, 235 
Limit of a c service, 1 

Line, 66 

— msulation, 23, 235. 

— protection, 15 

— standards, 15, 250 

— troubles, 50 
Lmemen, 141 
Links, 20 

Lave conductors, 224 
Load balance, 210, 256 

— factor, 35 

Loadmg conditions, 45, 66, 126. 

Loam earih, 138, 243 

Locatmg faulty msulators, 142, 151 



262 DISTRIBUTION OF ELECTRICITY BY OVERHEAD LINES 


Location of continuous earthed guaid wire, 
20, 24 

— of lines, 24, 30, 66, 126 

— of neutial conductoi, 22, 55, 256 

— of stay cable, 117, 165 

— of transformers, 62, 63 
Longitudinal stay, 45 

Long spans, 19, 67, 126, 128, 235, 250 
Low power carrj.nng capacity, 12 

— resistance path of earth wire, 24 

— voltage supply, 12, 38, 39, 54 

M (moments), 85 
Magmtude of area, 12 
Mam station, 38 
Mamtenance, 34, 219 
Mappmg information, 251 
Mathematical law of mduction, 2 
Maximum length of span, 21 

— safe current, 229 

— supply current, 242 
Medium sized pole, 165 

— voltage supply, 12, 39, 242 
Merits of wooden construction, 24, 111 
Metal crossarms, 16, 250 

— pms (spmdles), 149, 250 
Meter losses, 35, 249 
Metermg, 14 

Method of distnbution supply, 12, 13, 248 
Minim nin overhead clearances, 18, 62 
Moderate power carrjing capacity, 12 
Modifymg construction standards, 15 
Modulus of elasticity, 77, 111, 121, 122 
Moisture m vood poles, 141 
Most economical Ime operation, 19 

system, 22 

Motor efficiency, 124 
Motors, 39, 57 

Multi-traniormation, 189, 218 
Multiple earths, 20, 199, 224, 234, 242 

n (neutial conductor area), 99, (number of 
conductors), 80 

Neutral, 18, 105, 107, 193, 199, 211, 234, 
243, 256 

— conductor, 16, 18, 20, 23, 53, 107, 189, 

199, 200, 234, 243, 256 

area, 99, 198, 199, 211, 243 

gnd, 196, 199, 243 

position, 193, 196, 199, 256 

New Ime and system, 15, 16, 21 
No-voltage release, 228 

Oak crossarms, 18, 83, 145 
Ohmic resistance, 101, 110, 111, 113, 114, 
115, 116 

— volts drop, 58, 59 
Open-delta connection, 212, 218 
Operatmg costs, 34, 248 

— staff, 222, 224 

— troubles, 213, 214, 215 
Ordinary span construction, 21 
Overhead clearances, 62, 135 


Overhead (ground) earth wiie, 23, 24, 197, 
198, 199, 200, 230 
Overturning resistance of poles, 95 


p (wmd pressure), 70 , (power loss), 98 
P (power =kW), 59 
Pamtmg of poles and arms, 33, 163 
Parabohc equations, 74, 178 
Parallel feeders, 20 

Past and present mechanical loadings, 
131 

Permanently earthed, 41 

Phase tranrformation, 4, 5, 6, 7-9, 218 

Pilot lamps, 225 

— wires, 27, 195, 244 

Pins (stalks or spmdles), 19, 50, 146, 148, 
149, 150 

— , their earthing, 15 

strength, 82, 96 

Planning rural service, 250 
Plottmg sag and tension curves, 173 
Pole footmgs, 95 

— hues, 33, 71, 137 

— stations, 37, 252 

— tapers, 45 

— top extensions, 50, 136, 157 

— transformers, 62, 63, 187, 250, 252 / 
Polluted atmosphere, 30 

Polyphase currents, 4, 36, 

— meter, 42 

— regulators, 212 

— systems of the early days, 3-9 

— and smgle-phase systems, 29, 36, 40 

— transformers, 9, 42 
Porcelam stnps on crossarms, 142 
Position of overhead earth (ground) wire, 

15, 20, 52 

conductors on poles, 50, 51, 52, 256 

Postmaster General and enforcements, 9, 
10, 16, 191 

Power factor, 35, 105, 108, 124 
of motors, 124 

— loss, 35, 101, 105, 107 

— of compulsory expropriation, 126 
Practical history of a c and d c , 1 
Practice of this country, d4, 136 
Present-day practice, 15, 34, 47 
Pressure rises, 23 

Primary, 8, 9, 19, 20, 57 

— distnbution, 14, 29, 37, 197, 248, 252 

— neutral, 20, 197 

supply, 12, 13, 136, 144, 197, 199, 248 
Profile of Ime, 31, 252 
Proper location of Imes, 30 

of overhead earth (ground) wire, 24 

Property boundary lines, 31 

Proposed distribution system and lines, 15 

Protection from lightmng, 18, 25, 199, 216 

— to linemen, 47, 199, 244, 247 
Protective devices, 27, 199, 205, 216, 244, 

247 

Public highways, 219 

— hazards, 222 
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ter- phase system, 36, 59, 99 197, 202, 
211,217 

r (radius of conductors), 100 

R (ohmic resistance), 99 

Rack construction, 22, 29, 53, 157, 250 

Racks for mams, 54, 256 

Radial lines, 14, 203, 247 

Railway crossing spans, 52, 238, 256 

Rake oi pole, 139, 168 

Ratchet tor stringing, 169 

Rating of regulators, 212 

Reactance, inductive, 100, 101, 231 

— values, 65 

Recent practice of this country , 14 
Record of loutes foi distnbution lines, 251 
Reel, 169 

Refilling of hole, 139 
Regulation, 41, 57, 106, 108, 216 
Regulators, 20, 196, 212 

— capacity, 212 
Reinforced concrete poles, 90 
Relative conductor requiiements, 99 
Relay juotection, 26, 244 
Relays, 149, 244 

Reliability of seivice, 127 
Resistance, 98, 99, 231, 234, 243 

— -volts, 101, 242 
Restoring service, 225 

Resultant loading of conductois, 71, 72, 73, 
75, 76, 78, 112, 117, 120-123 

— stress on pole, 94, 117 
Right of -eminent domain, 10 
Ring mams, 38 

Risk of mtenuption, 38 

Road and street crossing spans, 52, 256 

Rook setting of poles, 154 

Roofing of poles, 161 

Rot, 162 

Route of line, 30, 251 

— records, 251, 252 

Rural development, 29, 33, 39, 42, 151, 
192, 235, 237, 248, 252 

— lines, 36, 126, 130, 132, 135, 151, 184, 

213, 237, 248, 250, 252 
Rust, 129, 151 

8 (spacing of conductors), 61, 100 
S (sag of conductors), 61, 74, 178 
Safe clearances of conductors, 22, 62 
Safer and better line, 19, 143, 256 

— line location, 148, 243 
Safety to linemen, 142, 243 
Sag, 20, 54, 61, 143 

— calculations, 74 

— in adjacent spans, 19 

— of neutral conductor 20, 54, 55 

Scott, C F , system of transformation, 5, 

6 , 8 

Secondary, 8, 9, 33 

— circuit interconnection, 40, 197 

— distribution map, 252 

— neutral, 20, 250, 256 

— supply, 13, 33, 40, 204 


Secondar\ suppU losses, 35 

Section modulus, S3 

Sectional area of conductor, 36 

Sectionalismg switch points, 20 

Self-mduction, 102 

~ supported poles, 79 

Separation of conductors, 22, 54, 61, 257 

Service interruptions, 22, 221 

— taps, 20, 157, 158, 256 
Settmg of poles, 18, 138, 154 
Shallenberger, 0 B, sj stems of transfi*'* 

mation 5 

Shieldmg value from lightnmg, 23 
Short spans, 33, 45, 67 126, 128, 143 
Shovelling earth into hole, 139 
Shunt gap, 147 
Side groove of msulator, 19 

— stajs, 93, 94, 117, 167 
Sighting m conductors, 170 
Sme values, 109 

Single circuit construction, 27 

phase s\stem, 2, 3, 4, 14, 59 

2 wire, 14, 59 

3 wire, 36, 59 

transformer, 43 

transformation, 3-9 

— pole construction, 18, 141 
Size of neutral conductor, 20, 198 

stays, 93, 94, 120, 121, 165, 168, 169 

Sleeves for jomts, 161 
Slenderness ratio, 134 
Shpping of conductors, 32, 130 
Small power carrying capacity, 12 
Snatch-blocks, 169 
Soldermg of conductors, 20, 160, 161 
Solid conductors, 19, 72, 73, 76 
Spans, 21, 33, 126, 128, 152 
Spark-gaps, 16, 18, 216 

over voltage, 146 

Spmdles for insulators, 15, 150 
Splices for conductors, 20, 161 
Spreader brackets, 156, 256 
Staff, operating, 222 
Standard of ns]^, 17 

— sizes of poles, 164 
Standards, 17, 33 

Star connection, 8, 9, 43, 105, 184, 206, 
218 

Static over-voltage, 199 
Stay clearances, 47, 49 

— constants, 94, 117 

— rods, 151 

— wires, 165 

uninsulated, 46 

Stays, 19, 49, 93 
Steel crossarms, 16, 142 

— pins, 15, 125 

— poles, 24, 46, 147 

reinforced conductors, 114, 128, 129, 

132 

Steinmetz, 0 P , systems of transformation, 

6 , 6,8 

Stout-sized poles, 164 
Straight runs, 19, 143, 159, 256 
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Strain to earth, 20, 202 
Stranded conductors, 20, 32, 101 
Strength of crossarms, 82, 156 

— of poles, 18, 44, 46, 80 
Stresses in conductors, 19, 112, 256 
Stnngmg of conductors, 52, 169 
Struts, 81 

Stubs, 169 

Subdivision of system, 34, 39 
Sub-station spacing, 34 
Sulphur fumes, efEects on conductors, 46 
Supplanting direct current, 1 
Supply from mam sub-station, 12, 13, 14, 
188 

stations, 12, 187 

Support insulation, 16 
Survey maps, 251 
Swing clearances, 22, 232, 236 
Switch-rods, 225, 236 

Symmetncal polyphase system, 8, 9, 17, 
21, 25, 148, 189 

System and voltage, 12, 190, 191, 218 

t (temperature), 77, 98 
T (tension), 74, 112, 178 
Tabulation of calculated stresses, 96, 97 
tan 73, 94 
Tape for jomts, 161 
Taper of poles, 45, 138 
Taps for service, 157, 158, 250, 256 
Tamng of wood pole, 163 
Tayhr, TTiUiam T , systems of transforma- 
tion, 5, 6, 7, 8, 9, 217 
Telegraph and telephone wires, 22, 144, 
237 

Tensile stress, 46, 112 
Tension and sag calculations, 74, 172, 174, 
177, 179, 183 
Terminal boxes, 185, 223 

— poles, 93, 94, 167, 168, 223, 254 

— transformers, 223 

Tesla, Nikola, systems of transformation, 
5, 6 

Tests and mvestigations, 14, 219, 227, 228 
Thimbles m stay wires, 47 
Thread of pms, 151 
Three-phase system, 2, 59, 99, 105 

3-wire, 3, 14, 59, 99, 105, 202, 257 

4-wire, 2, 4, 18, 25, 36, 59, 99, 106, 

191, 192, 193, 202, 217 
Tie-wire, 19, 31, 159 
Timber strength, 83 
Tin-lead aUoy fuses, 229 
Tools for Imemen, 169 
Top-diamefcer of pole, 80, 88, 138 
Transformation methods, 3-9, 186, 187, 
218 

Transformer earths, 197, 198, 200, 216, 
234, 243 

— msulation stresses, 64, 65 

— kVA capacity, 64, 216 

— reactance, 63, 216, 217 

— records, 248, 255 

— voltage drop, 34, 234 


Transformers, 20, 250 

— m parallel, 63, 64 

— their connections, 3, 27, 64, 218 
failures, 24, 236 

location, 62, 248, 250 

Transmission Imes, 29 

— of energy in bulk, 40 
Transverse direction of hne, 19 

— loadmgs, 78, 79 
Treated poles, 141, 162 
Trees, lines adjacent to, 24, 29 
Trend of practice, 27 
Troubles, 50, 224, 231 

“ Truscon ” copper-alloy steel poles, 86, 89, 
90 

Tubular-steel poles, 91, 137 
Two-phase system, 59, 202 

3-wire, 59, 202 

4-wire, 36, 59 

5- wire, 3, 36, 59, 99 

transformation, 5, 6, 7, 8, 9 

— pole structure, 18, 155 

Ultimate strength of conductors. 111, 112 
114, 115, 116 

Unbalanced conductor stresses, 19, 93, 
256 

— voltage, 40, 189, 191 
Unbonded insulator-pms, 19 
Underground construction, 1, 147, 192, 195, 

216 

Unearthed msulator-pins, 19, 144 
Unequal spans, 128 
Umt sag and span, 171 

— tension and span, 171 
Unstressed conductor, 74, 178 

Useful insulating value of poles, 18, 145 

V (velocity of wind), 70 
“ V ” {opcTi-delta connection), 7, 9, 64, 65, 
212, 213, 214 

V-guard wire, 137, 144, 219 
Vertical loading for ice and 8-lb 

wind, 73 

J-in ice and 8 lb wind, 72 

i-in ice and 8 lb wind, 75, 76 

— sag of conductors, 74 

— separation of conductors, 61, 157 

— space for clearances, 22, 53, 100, 125, 

157 

Very large power carrying capacity, 12 
Voltage drop, 34, 35, 43, 57, 100, 257 

— for primary distribution, 17, 190, 191 

— regulation, 106, 108, 216 

— regulators, 20, 212 

— strain to earth, 20, 99 

— variation, 34, 57 

V) (weight of conductor), 71 
W (resultant loadmg), 71. 

Water-pipmg system, 243 
Wayleaves, 9, 10, 31, 32, 126, 252 
Weakened insulation, 24, 144 
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Weatherproof covering for conductors, 20, 
55, 161 

— paint, 46 

Weight of bare conductors, 69, 72, 73 

— of ice, 69 

— of ice and conductor, 71, 72, 73 
Wind loading, 68, 129 

— pressure, 19, 70 

on conductors, 70, 129 

poles, 79, 88 

— velocity values, 70 
Wood braces, 140 

— construction, 27, 28, 45, 256 


Wood crossarms, 19, 22, 155, 256 

— pins, 141 

— poles, insulated, 15, 16, 144 

, setting, 154 

Working current, 229 

— space for hnemen, 22, 51, 256 

X (reactance), 65, 100 
“ Y ” {star connection), 8, 9, 218 
Z (impedance), 59 
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